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members
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There shall be also a class of associate members, limited in number
to twenty-five, from which class active members may be elected. These

associate members shall each be elected for a term of five years and

shall enjoy all the privileges of emeritus members, and each of them
shall pay annual dues amounting to one-half the annual dues of an

active member.
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Membership shall lapse by reason of absence from three successive

annual meetings without reason given acceptable to the Council. An
excused absence shall not be regarded as an attendance. Membership
may be forfeited for reasons deemed sufficient by the Association.

Provided, That in case of removal of an active member to a locality

so distant that his attendance at the annual meetings may reasonably

be regarded as impossible, the Council may be empowered, should it

so desire, to transfer the name of such a member during his absence to

the list of emeritus members, without regard to the length of his previous

active membership.
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;
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and a Representative to serve on the Executive Committee of the Con-
gress of American Physicians and Surgeons, to be elected at the annual

meeting immediately following the Congress.

ARTICLE IV

DUTY OF OFFICERS

The duties of the President, Vice-President, Secretary, and Treasurer
shall be those usually assigned to these officers.

The Recorder shall secure the papers read and also proper notes

of the discussions thereon, and shall publish the annual volume of

Transactions.

The five Councillors shall constitute a Committee of Nomination of

Officers, and as such shall present a report at the commencement of the

morning session of the last day of the annual meeting, at the conclusion

of which session the election shall be held by ballot.

The Representative on the Executive Committee of the Congress
shall have full power to represent the Association on all ordinary

questions, but must be authorized by the Council of this Association

before assenting to the admission of any Society to the Congress.

ARTICLE V

COUNCIL

The officers of the Association shall constitute the Council, of which
four members shall constitute a quorum. It shall be the duty of the
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Council to supervise the affairs of the Association, to make all the

arrangements for the annual meeting, to suggest the subject for debate,

and to consider the nominations for membership an<I report on them at

the meeting at which they shall be balloted on.

ARTICLE VI

MEETINGS

1. The Association shall hold an annual meeting either in the City of

Washington, D. C, or at Atlantic City at a time designated by the

Council.

2. The President shall call the meeting to order and open the session

by an address not exceeding half an hour in length. In his absence the

Vice-President shall preside, and in the absence of both these officers,

the senior Councillor.

3. Then shall follow original communications, discussions on sub-

jects of general interest in the department of medicine and pathology,

demonstrations in pathology, and miscellaneous business.

4. The President shall have complete charge of, and responsibility

for, the program. He shall have power to accept or reject any paper

offered. He shall have power to limit the number of papers, and to

assign a time limit for each one. Papers shall be presented to the

Association only in abstract, and preferably shall not be read from

manuscript. They may be published in full in the Transactions as

also in any other medical publication.

5. The referee, co-referee, and authors of papers shall send abstracts

of their papers to the Council for distribution to members previous to

the meeting.

ARTICLE VII

QUORUM

Any number of members present at the appointed time of the annual

meeting shall constitute a quorum for the transaction of ordinary busi-

ness, but for the election of members, twenty-five shall be necessary for

a quorum, and for altering the Constitution fifty members shall be

necessary.

ARTICLE VIII

ELECTION OF MEMBERS

Nominations to membership, signed by two members who are not

officers of the Association, must be made in writing at an annual meeting

of the Association ; and within six months of the time of nomination the
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nominators shall transmit to the Council letters stating the qualifications

of the nominee and also a list of his professional positions and publica-

tions. The Council shall report the name of each nominee to the mem-

bers of the Association by letter prior to acting upon the same. The

Council shall report those nominations which are approved by it to the

next annual meeting for action. The election of new members shall

take place on the second day of the meeting. An affirmative vote of

three-fourths of the members present shall be necessary for the election

of active members, but for the election of honorary members a unani-

mous vote of those present shall be required.

ARTICLE IX

ANNUAL DUES

The annual dues of the Association shall be such as the Council

from time to time may fix, from the payment of which honorary and

emeritus members shall be exempt,

ARTICLE X

AMENDMENTS TO THE CONSTITUTION

Amendments to the Constitution must be proposed in writing by five

members at an annual meeting, and must be acted upon at the succeed-

ing annual meeting, the notices for which shall contain an announcement

of the proposed amendment; and such amendments shall require for

their adoption an affirmative vote of three-fourths of those present.
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THIRTY-FIFTH ANNX^AL MEETING

Ihld at thr Hotel Traymore, Atlantic City, .V. ./., May 4 and 5, 1920

The following members were present at the
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Aiier< John
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Barker, L. F.
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Einhorn, M.
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Finlev, F. G.
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Freeman, R. G.

Friedenwald, Julius
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Funk, E. H.

Fussell, M. Howard
Futcher, Thomas B.

Gordinier, H. C.

Griffith, J. P. C.

Hamburger, W. W.
Hamilton, AY. F.

Hare, Hobart A.

Hart, T. S.

Heard, J. D.

Herrick, James B.

Hoover, C. F.

Howard, Campbell P
Howland, John

Hunt, J. Ramsay
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Irons, Ernest E.

Jackson, Henry
Jobling, James W.
Joslin, E. P.
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Koplik, Henry
Krumbhaar, E. B.
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Meltzer, S. J.
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AA hippie, George H.

AYhite, Franklin AV.

AYhite, S. M.
AA'hite, AA'm. Charles

AA'illiams, Francis H.
AA'ood, Francis C.
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Tuesday Morning, May 4

The Association was called to order by President Biggs, who then

delivered the President's address.

The Treasurer presented his report and the President appointed

Drs. Tileston and Rowntree to act as an Auditing Committee.

The Secretary presented the report of the Council with the following

recommendations

:

1. That the dues for the coming year be S1.5 for Active Members who
are in practice, $7.50 for Associate Members who are in practice and

$5 for both Active and Associate Members in laboratory or full-time

clinical work, who have no professional income apart from their

salaries.

2. The list of nominations, as given elsewhere, for officers and new

members.

3. That those members who had not paid the fee to the Congress for

the meeting in 1919 be requested to do so and that any additional

deficit be paid out of the funds of the Association.

4. That Dr. Theobald Smith had resigned the position of Councillor.

5. That Drs. A. McPhedran, R. M. Pearce, A. E. Taylor and F.

H. Williams are transferred to the Emeritus list at their own request.

(). That the meeting in 1921 be held at Atlantic City on May 10

and 11.

The program was then proceeded with:

Dr. Wm. Charles White and Dr. L. O. Grondahl presented a paper

on the "Refinement in Methods of Auscultation of the Lungs by

Electrical Means," which was discussed by Drs. Henry A. Christian

and Francis H. Williams, and the discussion closed by Dr. Grondahl.

Dr. George Draper presented a paper on "Some Observations on

Chronic Arthritis," which was discussed by Drs. E. Libman, G. C.

Robinson, H. A. Christian, Henry Koplik, S. Solis-Cohen and L. F.

Barker, and the discussion closed by Dr. Draper.

Dr. Joseph L. Miller presented a paper on the "Effect on Blood-

pressure and Blood Nitrogen of the Ingestion of Large Amounts of

Fluid," which was discussed by Drs. H. Brooks, L. G. Rowntree, J. H.

Austin, F. M. Allen, E. P. Joslin, A. S. Loevenhart, H. A. Christian

and H. O. Mosenthal, and the discussion closed by Dr. Miller.

Dr. David Riesman presented a paper on "Acute Psychoses in

Disea.ses of the Heart," which was discussed by Drs. George Blumer and

J. B. Herrick, and the discussion closed by Dr. Riesman.

Drs. Alfred Stengel, C. C. Wolferth and L. Jonas presented a paper

on " Rebreathing and Ergometric Determinations as a Method of
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Estimating Cardiac Efficiency," which was discussed hy Dr. L. G.

Rowntree, and the cUscussion closed by Dr. Stengel.

Drs. S. Marx White and R. E. Morris presented a paper on the

"Effects on Cats of Digitalis Lutea and Digitalis Thapsi as Noted
during Intravenous Injection, w'ith Simultaneous Electrocardiographic

Tracings," which was discussed by Drs. G. C. Robinson and W. Tileston,

and the discussion closed by Dr. White.

Dr. Elliott P. Joslin presented a paper on "The Total Metabolism in

Diabetes," which was discussed by Drs. Boothby and F. M. Allen.

Dr. Herman O. Mosenthal presented a paper on the "Effect of

Protein Food on Increased Blood-pressure," which was discussed by

Drs. J. L. Miller and S. Solis-Cohen, and the discussion closed by Dr.

Mosenthal.

Tuesday Afternoon, May 4

Drs. Julius Friedenwald and George H. Grove presented a paper on
*' The Blood-sugar Tolerance Test as an Aid in the Diagnosis of Gastro-

intestinal Cancer."

Drs. Francis W. Peabody, Cyrus C. Sturgis, Edna M. Tompkins and

Joseph T. WVarn presented a paper on " Epinephrin Hypersensitiveness

and its Relation to Hyperthyroidism," which was discussed by Drs.

M. H. Fussell and L. G. Rowntree, and the discussion closed by Dr.

Peabody.

Dr. J. Ramsay Hunt presented a paper on "Acute Infectious Myo-
clonus Multiplex."

Drs. Wade H. Brown and Louise Pearce presented a paper on " The

Production of Generalized Syphilis in the Rabbit by Local Inoculation,"

which was discussed by Drs. H. ¥. Swift and George Blumer, and the

discussion closed by Dr. Brown.

Dr. E. C. Rosenow presented a paper on the "Further Studies on

Influenza.

"

Dr. R. L. Cecil presented a paper on "Experiments with Influenza

Bacillus," which was discussed by Drs. G. M. Kober, C. H. Bunting

and Joseph L. Miller, and the discussion closed by Dr. Rosenow.

Drs. Elmer H. Funk and Willis F. ^Manges presented a paper on the

" I-^ventration of the Diaphragm with Report of a Case," which was

discussed by Drs. Ramsay Hunt, C. F. Hoover and S. J. Meltzer, and

the discussion closed by Dr. Funk.

Dr. ISIartin E. Rehfuss presented a paper on "The Dietetic Treat-

ment of Gastric Ulcer based on Experimental Studies," which was

discussed by Drs. George H. Whipple and B. W. Sippy, and the dis-

cussion closed by Dr. Rehfuss.

Dr. George H. Whipple presented a paper on "Blood Regeneration
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after Simple Anemia as Influenced by Various Dietary Factors,"

which was discussed by Drs. H. Brooks, C. F. Hoover, P. Rous, S. J.

Meltzer and L. F. Barker, and the discussion closed by Dr. Whipple.

Drs. Peyton Rous and P. D. ]\IcMaster presented a paper on " The
Hepatic Factor of Safety in Bile Elimination," which was discussed by
Drs. S. J. Meltzer and G. H. Whipple.

Tuesday Evening, May 4

Dr. Samuel W. Lambert presented a paper on " Intrathoracic Terato-

mata," which was discussed by Drs. G. C. Robinson, J. B. Herrick

and H. A. Hare, and the discussion closed by Dr. Lambert.

Dr. Francis C. Wood presented a paper on "Experiments on the

Therapeutic Action of Roentgen Rays."

Drs. G. Canby Robinson and George R. Herrmann presented a paper

on " Paroxysmal Tachycardia of Ventricular Origin and its Association

with Coronary Thrombosis."

Dr. Walter W. Hamburger presented a paper on "The Heart in'

Influenza, with Electrocardiographic Studies."

Drs. M. H. Fussell and C. C. Wolferth presented a paper on "Nodal
Rhythm with Reverse Block and Paroxysmal Tachycardia."

Drs. C. F. Hoover and M. A. Blankenhorn presented papers on the
" Discussion of the Causal Factors for Emphysema Attending Bronchi-

olar Hypertonus: Non-dialyzable Bile Pigment Found in Blood."

Drs. James D. Heard and Gordon E. Hein presented a paper on the
" Prognosis in Cardiovascular Diseases with Special Reference to the

Application of Graphic Methods."
Dr. Max Einhorn presented a paper on "Retrograde Stretching in

the Treatment of Impermeable Cardiospasm."

Drs. F. M. Allen and J. W. Sherrill presented a paper on " Chemical
Studies of Edema."

Wednesday Morning, May 5

The following Officers and New Members were elected:

President—W. S. Thayer.

Vice-President—E.. c' Moffitt.

Secretary—T. McCrae.
Recorder—^T. R. Boggs.

Treasurer—J. A. Capps.

Council—C. F. Hoover and R. P. Strong.

Active Members—G. Draper, New York; C. A. Elliott, Chicago; J.

H. Eyster, Madison; A. F. Hess, New York; A. K. Krause, Baltimore;
E. B. Krumbhaar, Philadelphia; L. Litchfield, Pittsburgh; J. J. R.
McLeod, Toronto; L. M. Warfield, :Milwaukee.
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A.'isociafr Mrnihrrs—H. L. Anioss, New York; G. Dick, Chicajjo; I).

I. Macht, Baltimore; W. L. Moss, Boston, O. H. P. Pepper, Phila-

delphia; S. Strouse, Chicago; D. Vanderhoof, Richmond.

Honorarii Mcmhrrs—Sir Clifford Allbutt, Cambridge, England; Pro-

fessor E. Roux, Pasteur Institute, Paris; Professor Paul Ileger, Brussels,

Belgium; Emeritus Professor Ettore Marchiafava, Rome, Italy; Dr.

Theobald Smith. Princeton, N. J.

The report of the Auditors was presented stating that the Treasurer's

accounts had been audited and found correct.

Drs. F. M. Allen and J. W. Sherrill presented a paper on " Blood

Analyses in Some Ophthalmic Conditions."

Drs. Paul A. Lewis and Sewell Wright presented a paper on "The

Hereditary Factors in the Resistance of Tuberculosis," which was

discussed by Drs. G. M. Kober, A. B. Wadsworth, G. B. Wel)b and

S. Solis-Cohen, and the discussion closed by Dr. Lewis.

Drs. Augustus B. Wadsworth and Frank Maltaner presented a paper

on "A Study of the Preparation of Antigens from Cultures of the

Tubercle Bacillus for the Complement-fixation Test," which was

discussed by Dr. Lewis, and the discussion closed by Dr. Wadsworth.

Dr. S. J. Meltzer presented a paper on " Irritability and Stimulation."

Drs. S. Solis-Cohen, George D. Heist and Myer Solis-Cohen pre-

sented a paper on "Observations on the Behavior of Diphtheria Bacilli

in Whole Coagulable Blood in Vitro," which was discussed by Drs.

E. C. Rosenow and S. Solis-Cohen, and the discussion closed by Dr.

George D. Heist.

Drs. J. H. Means and A. V. Bock presented a paper on " Studies of

the Acid Base Equilibrium in Disease, from the Point of Mew of

Blood Cases," which was discussed by Dr. C. F. Hoover and the dis-

cussion closed by Dr. Means.

The following papers were read by title: "Sporotrichosis (de Beur-

mann) of the Lung," by Dr. William S. Thayer; "A Very Unusual

Picture of the Inhibition of the Hemopoietic System," by Dr. N. E.

Brill; "An Experimental Research upon the Effect of Lead on the

Rabbit's Kidney," by Dr. H. U. Williams.

The following amendment to the Constitution was proposed:

That Article II relating to members be amended as follows:

There shall be a class of Corresponding Members, not to exceed

twenty-five in number, to which distinguished physicians in countries

other than the United States and Canada may be elected. The

names of those proposed for this membership shall be put in nomination

at an annual meeting by two active members and the Council shall

report those nominations which are appro\ed by it to the next annual

meeting for action. An affirmative vote of three-fourths of the mem-
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bers present shall be necessary for election. Corresponding ^Members

shall be entitled to take part in the proceedings, but not to vote.

W. S. Thayer,
L. A. Conner,
T. McCrae,
W. R. Steiner,

R. C. Cabot.

On motion of Dr. Cabot, seconded by Dr. Barker, a vote of thanks

was given to Dr. Biggs for the interesting program and the successful

meeting which he had conducted.

Thomas McCrae, M.D.,
Secretary.



PRESIDENT'S ADDRESS

By HERMAN M. BIGGS, M.D.
NEW YORK

It has been customary for the President of the Association in

opening the annual meeting to discharge briefly several obligations:

The first one is the sad duty of chronicling each year the losses from

death which have been sustained in the membership of the Associa-

tion. During the past year four members have died. Three of

these were original members of the Association, and of these three,

two were honorary members— Sir William Osier and Dr. Abraham

Jacobi. For more than a generation they were two of the great

leaders in the scientific medicine of the world. They were men
of unusual force and originality; both had striking personalities,

untiring energy and extraordinary intellectual capacity. They

need no eulogy in an assemblage of medical men, and least of all

before this Association in the earlier years, of which they both took

such an active part. Their places in the medical profession cannot

be filled by others.

Dr. Horatio C. Wood, also an original member, and subsequently

an emeritus member, whose death occurred during the year, was for

many years active in the Association. As a leading physician, as a

teacher, and as an author he is well known to you.

Dr. Elmer E. Southard, of Boston, only recently elected to active

membership, died suddenly a few weeks ago, on February 9. He
had expected to contribute a paper at this meeting.

The second duty which devolves on the President is a real privi-

lege, viz., that of thanking the Council and the members of the

Association for the honor of presiding over their deliberations. No
one can appreciate this more deeply than I do.

Am Phys 1
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Finally, it has been customary for the President to address the

Association on some general topic, usually one concerning the

Association or its activities or the medical profession in some of its

general relations to the public or some question concerning medical

education.

I desire today very briefly to bring before the Association some

considerations relating to the future of medical practice, especially

in the smaller cities and rural communities of the country. This

has been suggested in part by the steady decrease in number of

qualified physicians in these districts and in part by the lack there of

the adequate hospital and laboratory facilities now required in the

practice of scientific medicine and surgery. I wish to suggest a

possible solution of the problem presented through the direction of

future developments in medical work.

In this connection there are several fairly well-established ten-

dencies to be considered: One of these is the evidence of a wide-

spread demand in many parts of the United States for the adoption

of legislation looking to some form of so-called "health insurance,"

this legislation generally being modeled, more or less on the Ger-

man or British plans. The demand for this comes in part from

labor leaders and in part from those chiefly interested in general

social betterment. Wherever such legislation is adopted it must

powerfully influence the practice of medicine.

There has also been for a long time a marked tendency in the more

progressive communities for the public health authorities to include

in their activities an ever-broadening field of work. This tendency

seems inevitable and unavoidable whether or not it is desirable,

as many physicians seem to doubt (a question which I shall not now
discuss). It may be considered a practical form of governmental

aid to the practice of medicine applied thus far almost wholly to

the infectious diseases. The wide development of public health

laboratories in recent years is a notable incident of this tendency.

As is well known, there is a gradually decreasing number of

physicians in the United States, as a whole, with a marked tendency

toMjard a greater relative depletion of the supply in the country

districts and a concentration in the larger centers of population.

Aside from this change in distribution there appears to be a possible
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danger in the future of an actual shortajjje in tlie number of physi-

cians in the country as a whole unless a larger number of students

are attracted to the study of medicine. This is especially true if the

higher standards of medical practice obtaining in our larger and best

hospitals are to be applied to the care of any considerable proportion

of the sick in the population outside of the hospitals. This, of

course, certainly should be the aim.

Thie decrease in the number of medical students (amounting to

more than 50 per cent.) has been brought about by the necessary

elevation of the preliminary requirements for entering the prac-

tice of medicine; the longer period of study enforced, the large

expenses involved and the relatively inadequate rewards offered by

the profession of medicine as compared with many other pursuits.

With the rapid scientific development which is going on in many
departments of medicine and surgery the time required for medical

study must tend to increase rather than decrease and the expenses of

a medical education to be correspondingly heavier. It would natur-

ally follow that unless the attractions of medicine are greater and

the reward more substantial the best type of students—those who are

particularly needed in the medical profession— will not be attracted

to its study and pursuit. Furthermore, the supply of trained nurses

is yearly growing more inadequate while the demand for them is

rapidly expanding. Schools for training nurses are finding it diffi-

cult or impossible to obtain their quota, and the cost of nursing

service is becoming so great as to place such services beyond the

means of most individuals in the community. It is only in a hos-

pital that the great proportion of the population can now have

adequate nursing service.

The complete lack of domestic servants in most rural communities

still further aggravates the situation when serious illness comes to

one of the older members of the family even if the family is in

comfortable circumstances financially, for with few physicians, no

nurses and no servants, they are forced to apply for admission to

a hospital to obtain any adequate care.

Then in order to obtain a complete and accurate diagnosis in

cases of serious sickness, and efficient medical and surgical care, it is

coming more and more to be required in a large percentage of cases
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that the patient shall be admitted to a well-equipped hospital.

But, unfortunately, the hospitals of the country, and especially in

the rural districts, are not only totally inadequate to meet the

demands but in general they are not distributed so as to be acces-

sible to a large proportion of rural dwellers, while at the same time

many of the smaller ones are inadequately staffed and equipped.

Then, too, because of the greatly increased cost of hospital main-

tenance, a cost which must inevitably increase, existing hospitals

are finding greater difficulty each year in meeting the financial

demands made upon them and consequently additional hospital

facilities are less liable to be provided by voluntary contributions.

There is a large, constantly increasing and unsatisfied demand

at increasing salaries for well-equipped public health administrators,

epidemiologists, child health experts, statisticians and well-trained

laboratory workers. Very little progress is being made as yet in

meeting this demand. On the contrary the total deficit in the

number needed is constantly increasing. The salaries available

for these positions have been insufficient to attract young medical

graduates to the public health field. Happily, at present, the

tendency to increases in the salaries of public health workers is

marked, but these salaries are still in general quite insufficient.

It is also becoming more and more difficult each year to obtain

sufficient internes and residents to staff our large hospitals and

jmblic institutions, like liospitals for the insane, etc., and there are

large numbers of vacancies in the medical corps of the army and

navy.

As showing hoAV rapid is the drift of physicians from country

districts, it may be noted that within the last year sixty-eight com-

munities in New York State have applied to the State Department

of Health for physicians because they had none.

In a survey recently made at my suggestion by the State

Department of Health in twenty rural counties of New York State—

which contained no cities and which had a population of about eight

hundred thousand people— there were found to be a little over nine

hundred physicians, a decrease of 15 per cent, in ten years. Of

this number only about 3 per cent., twenty-six in number, had

graduated within the past Hve years, and on the average the physi-
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cians in these twenty counties liad been in practice a little over

twenty-five years. In one typical rural county of the most pros-

I)erous type it was found that the physicians, fifty-four in number,

average in practice twenty-eight and a half years.

An investigation made by the Journal of the American Medical

Association has shown that the average age of physicians at death

is about fifty-nine years, and as all the physicians in these twenty

counties on the a\'erage must be nearly fifty years of age, it is

evident what the next ten years is to bring forth with reference to

medical service in the districts unless conditions materially change.

In all the industrial and more highly civilized countries, there is

and has been for many years a constant drift of the population from

the farms to the cities. This situation has been widely recognized

as one of the most dangerous tendencies of our time. It is said in

New York State that there has been a decrease of 17 per cent, in

the available farm labor within the last two years. In other states

it has been far greater, and in Vermont it is said to be 30 per cent.

The lack of proper educational facilities in rural districts in the

United States has been an important factor in contributing toward

this change, and if, in addition to the lack of educational facilities,

there should also develop a lack of facilities for the proper care of the

sick, the drift to the cities will be materially accelerated.

It seems to me evident that measures must be adopted by govern-

mental authorities to make the practice of medicine more attractive,

particularly in the smaller communities, and to make the rewards

more substantial. This can only be done through state aid, as

these rural communities have not the wealth to meet the situation

by added necessary taxation. Any further decrease in the agricul-

tiu"al population is certain to render urban living conditions, already

diflBcult, still more difficult. The wealthy cities must contribute

through the state appropriations to the support of facilities for the

education, the preservation of health and the care of the sick of

these rural communities.

At the last session of the Legislature in Xew York State the

wTiter had a bill introduced which provided state aid for the estab-

lishment of health centers in all counties and communities— the unit

of population for a center being fifty thousand or major fraction

thereof. These health centers would be supported in part by taxa-
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tiou of the district served, in part by payment of those treated and

able to pay and in part by state aid. Each complete health center

would consist of a hospital with pavilions as might be necessary

for the care of tuberculosis, maternity cases, contagious diseases,

etc.; various types of out-patient clinics, such as general medical,

surgical and diagnostic clinics, clinics for children, mental and

venereal diseases, etc.; laboratories properly equipped for all sorts

of clinical work, including .r-ray work; a public health nursing ser-

vice covering the whole of the district; an adequate medical and

nursing service in the schools and a medical library and assembly

place.

The state department of health would also provide periodic con-

sultation clinics in various departments of medicine to be held by
experts to assist local practitioners in the diagnosis and treatment

of difficult and obscure cases of illness. In addition to this the local

authorities would be empowered to establish the district as a health

district with a full-time health officer in charge. The health center

would serve for all official and voluntary welfare activities of the

district.

Under the provisions of this bill it would be hoped that all major

surgical operations, most cases of serious acute illness and obscure

forms of acute and chronic diseases or those difficult to treat, would

be brought by their physicians, if they had any, to the health center

for diagnosis and advice as to treatment. Those which required

the facilities which it afforded would be treated there, the others,

the larger percentage and all the minor ailments, would be treated

at home by their physician. This seems to be rational and possibly

a satisfactory solution of a problem which must be solved, and while

this bill was not passed at the present session of the Legislature,

because sufficient time was not available for its study and discus-

sion, yet judging from the wide commendation and support which it

received, it seems likely to receive favorable consideration at the

next session of the Legislature.

The medical profession for many years has devoted much atten-

tion to the eleA-ation of the standards of medical training. The
time now seems to have arriA ed when attention must be devoted to

making the practice of medicine more attractive and lucrative,

especially in the rural districts of the countrv.



SOME OBSERVATIONS OX CHRONIC ARTHRITIS

By GEORGE DRAPER, M.D.
NEW YORK

No attempt will be made at this time to discuss the classification

of chronic arthritis. Certain features of the disease and of some

individual characteristics of its subjects will, however, be brought

out for consideration. The study was developed along lines sug-

gested by the writer's^ experiences in the poliomyelitis epidemic in

191G and later among the meningitis cases in the army. These

experiences brought out undeniably the circumstance that there

was in both diseases a remarkable uniformity in certain anatomic

characteristics of the patients. The attempt to analyze this simi-

larity in appearance by comparing each person with a "normal"

was unsuccessful, because in a mixed race the normal is quite indefi-

nite. Consequently, recourse was had to the known endocrinop-

athies.- Each patient was observed with an eye to his possession

of anatomic or physiologic characteristics which, though slight,

might find counterparts in one or others of the endocrine disorders.

The great frequency of the disease arthritis in women is well

known. Furthermore, it is often recorded that at the time of the

menstrual period patients with chronic arthritis suffer either an

exacerbation of their joint symptoms or are very much better.

Many cases during pregnancy lose their joint pains about the fourth

month. In addition to these observations the menstrual history

of women with chronic arthritis describes irregularities of one sort

or another; delays, periods of amenorrhea and frequently much pain,

1 Draper, G.: Acute Poliomyelitis, Philadelphia, 1917.

2 Draper, G.: The Relationship of the External Appearance of the Body to

Disease, New York State Med. Jour, (not yet published).
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While a considerable number of cases begin with large joint

involvement the small joints of the hands have been the target

primarily, and often, indeed, comprised the chief articular expression

of the malady in its milder forms. The changes in the joints of

chronic arthritis have been divided into two main groups, productive

and atrophic, but radiographs show clearly that whether joint de-

struction, which is the criterion of the atrophic form, be present or

not there is always increase in the bony structure. This expresses

itself as an increase in the bone about the joints, often thickenings

in the phalangeal shanks and especially in the terminal tuftings.

These important structures assume an appearance extraordinarily

like that seen in cases of pulmonary osteoarthropathy. It is also

analogous to the appearance of the terminal tuftings and the

phalangeal shank thickenings that are present in the well-known

radiographic picture of the hand of the acromegalic. It may be well

to call attention here to the tendency of acromegalics to chronic

bronchitis, bronchiectasis and emphj'sema—conditions which have

been associated in turn with the terminal phalangeal changes known
as pulmonary osteoarthropathy. Wright^ reports one case of chronic

bronchitis in which pulmonary signs ceased completely when the

joint symptoms began, and another case in which the appearance

of rales in the lungs was coincident with the onset of arthritis. One
other feature which must be mentioned here in relation to the

skeleton of these cases is found in the bones of the skull. Here in all

five cases were found marked irregularities in the sella turcica

(especially thickenings of the posterior clinoid process), all concerned

with increased bone-production and an evident increase in the

size of the sinuses or the density of the bone structure in the acral

portions of the skull. In this connection it is of interest to record

the report by Wright of a case of chronic headache which later

developed chronic arthritis. The headache ceased with the onset

of the joints.

The study of patients with chronic arthritis along the line of

comparison with the anatomic characteristics of acromegalics brings

out certain points of similarity in other parts of the body almost as

' Rheumatoid Arthritis, Canada Lancet, Toronto, 1911, Ixv, 812.
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striking as those found in the hands. In the five cases on which

these preliminary remarks are based the modelHng about the brow

and eyes, facial bones and jaw is analogous to that of the acromegalic,

to wit: prominent glabella region and supra-orbital ridges, high nose

bridge and dental irregularities. All the individuals likewise showed

a wide subcostal angle and in the male subject a tendency to the

feminine distribution of fat and hair. The examination of the

blood in these patients also shows consistently a tendency to low

total leukocyte count, with the polynuclears diminished at the

expense of mononuclear elements, a phenomenon commonly found

also in the acromegaloid and Froelich tA.'pes.

Previously more attention had been given to the thyroid gland in

relation to chronic arthritis, especially by the French. Vincent^

states that 68 per cent, of acute rheumatic fever have thyroid swell-

ing, and believes that those who subsequently develop arthritis

deformans have an associated, perhaps residual, insufficiency of the

thyroid. The cases of our series have certain anatomic and physio-

logic markings, suggesting thyroid disturbance, such as dry skin,

sweating palms, poor nutrition, nervousness and fatigability.

Paul Claisse- has also reported the general "slowing down" of all

functions in certain forms of chronic arthritis.

The sugar metabolism function of these individuals demonstrates

.an average or slightly diminished tolerance. In two of the cases

there has been a ^•ery definite dull frontal headache following the

ingestion of sugar. Several of the patients have shown a great

craving periodically for candy, after eating which they developed a

dull frontal headache. One patient, a male, with spondylitis, is a

chronic candy fiend. . An examination of the blood count following

the ingestion of the glucose for the sugar-tolerance test shows no

disturbance of the leukocyte coiuit, except possibly a slight tendency

to depress the total count. Several of these patients have described

suffering from hives in childhood and occasionally in later life.

The cases of this series, each of which had been "through the

mill" for many years in attempts to arrest or cure the disease, have

1 Rheumatisme et opothcrapie thyroidicniic, Soc. mod. do hop. dc Paris, 1908,

XXV, 677.

- Rheumatisme thyroidien chronique, Soc. med. de hop. de Paris, 1908, xxv, C75.
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recently been treated in desperation by the old and homely method

of the stings of honey bees. While certain definite clinical improve-

ments have supervened in these patients, some interesting observa-

tions about the effect of bee stings have been made. It is the chief

concern of this report to consider the phenomena associated with

the action of the bee venom rather than to discuss its therapeutic

effects.

In the first place the bee sting produces a lesion locally which is

the perfect replica of an urticarial weal; later on there is generalized

diffuse swelling, with redness and heat, and pain and stinging sensa-

tion which resemble the lesion of acute rheumatic fever. In two

cases it was observed that fading or almost healed sting reactions

on one arm, of several days' duration, developed fresh erythema and

swelling within a few hours after new stings were given on the other

arm. In one instance, on the seventh day following the first stings,

there arose about the site of the more recent lesions typical urti-

carial rose-pink blotchy eruptions. In addition to this the patient

had a rise of temperature, with tenderness and swelling of the

lymph nodes, the whole picture typical of a mild attack of " serum

sickness." Adrenalin injected at this time caused the eruption on

the arm receiving the drug to subside. But the eruption on the

opposite arm, like the other symptoms, was uninfluenced. Medical

literature contains numerous reports of severe symptoms and even

death caused by the stings of bees. There is a striking uniformity

in all the accounts. In practically every case, acute and rapidly

advancing swelling, syncope, weak pulse, oppression of breathing

and often vomiting supervening, the edema may reach an extreme

degree. No better descriptions of angioneurotic edema can be found

than in these ancient records of the remarkable phenomena pro-

duced by the stings of bees and hornets. It is interesting that

every case in which serious or fatal symptoms developed was stung

on the face or head. At this point it is worth while calling attention

to the reported chemical analysis of bee venom. Much work has

been done l)oth by J. Langer and more recently by F. Flury. The
former author considers the venom an organic base precipitated by
alkali, giving alkaloidal reactions and remaining undisturbed by
heat up to 100° C. Flury has carried the analysis of this base
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further and finds it to he a complex suhstance in which an indol

derivative isolated as tryptophan, various fatty acids and bodies

resembling saponin and lecithin have been found. None of the

substances described is usually associated with the phenomena of

sensitization and anaphylaxis, so that there seems for the moment

to be some discrepancy between the biologic effects of bee venom

11.000

ObT STINGS

STINGS
I
JAN. 1920 DAILY

k

UCTUATION W;TH STINGS

^
AFTER^l-6 STINGS
NO FOOD TAKEN
DURING D

9
A.M.

3 6
P.M, P.M.

Chart I

and its chemical composition. Langer's work on the hemolytic

power of bee venom and its ability to produce local necrosis exposes

an analogy to certain snake venoms.

The white cell count of the blood showed interesting changes

following the introduction of bee venom. Chart I shows the

response of leukocytes to the venom in two cases. In the first case
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the solid black line indicates the diurnal curve obtained from counts

taken at 9, 12, 3, 5 o'clock, before the patient received any venom.

The dotted line shows the diurnal curve six months later, after

many stings and definite clinical improvement, on a da}' when no

venom was given. The dash-dot curves show the immediate effect

of the venom. In the second case the solid black line represents

the diurnal curve taken at some time during the first two weeks after

starting bee treatment. The dash-dot curve shows the extreme

rise of the count immediately following six stings. All these counts

were controlled, with special reference to the time of taking food

and on the days from which the charts of the second case were taken

the patient fasted all day. Very many observations were made

during the year and all confirmed the fact that within fifteen

minutes to half an hour after the introduction of the bee venom

almost every case began to show an increase in leukocytes. The

rise continued sharply for an hour or two and then fell oft' as rapidly.

Some cases showed a delay of several hours before the rise set in.

The total count is chiefly elevated, but there is also a definite increase

of the polynuclears at the expense of the lymphocytes. This rise

of the total count is not sustained but falls within two or three hours

to the original level. Over a period of months, however, there seems

to be slow, continuous and evenly sustained rise of the total count.

In one case in which the bees were omitted for a period of three

weeks the count fell back to its original level.

Clinically all the cases have shown a very definite improvement

in their sense of well-being and in their appearance. In one case a

menstrual disturbance which had frequently amounted to complete

amenorrhea for as long as eight months completelj^ cleared up. The

periods were resumed and continued at normal intervals. Chronic

puffiness of the eyes and ankles disappeared and the effect on the

joints was also very noticeable. The subjective improvement was

marked. One case had dull headaches following stings, but the

joints were less affected by atmospheric changes than they had been

previously. All of these patients were old stagers in the matter of

knowing what real improvement was, and had been disappointed so

often that they started out as complete skeptics, so that Avhatever

value there may be in subjective improvement in the matter of
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pain and fliscomfort is wortli more in this i)articiilar malady prob-

ably than in some others.

Just what the mode of action of the bee sting is at present is

com})aratively obscure, but the effect upon the bh)od count, the

skin reactions and the reports of generahzed edema and the tempera-

ture rise suggest acute protein shock analogous to the effects obtained

by injections oi many foreign proteins. Artificial bee stings com-

posed of various dilutions of formic acid produce the same, though
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much milder, local effect than the true bee sting does and no con-

stitutional changes. The indication that sensitization processes

are concerned and the consideration of the analogy of the bony

changes to those associated with pulmonary conditions led to inquiry

for the presence of asthma, urticaria and eczema in the patients

themselves or in members of their families. Chart II illustrates,

in striking fashion, the intense predisposition to the disturbances

under discussion, which runs through the family tree.

Consideration of all these points leads to the conclusion that

chronic arthritis represents a very profound constitutional dis-

turbance in which forces analogous to those concerned in acromegal\'

and thyroid insufficiency are concerned. The family and personal

history which arthritic patients give of hives, angioneurotic edema
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(bee sting effects) and asthma, and, in addition, the well-lvnown

feature of joint involvement seen in serum disease, all seem to

indicate that there is a relationship between this whole group of

phenomena and chronic arthritis.

DISCUSSION

Dr. Emanuel Libman, of New York, said he believed there were very-

important points in Dr. Draper's paper. He thought, personally, that

infection attacked the joints because of a previous condition of the patient,

the ductless glands having been the cause of disturbed metabolism. Dr.

Draper had said that he found arthritis was associated with a sort of sub-

thyroid condition. This had been previously discussed under diatheses,

but one had also to account for those metabolic disturbances. Certain

physicians thought of certain diseases in patients of a certain type. Dr.

Delafield used to say, in regard to dysentery, that he could look at a man
in New York and tell what was the matter with him, although he might

not be able to do that in Chicago or in Manila. This question no doubt

had a bearing on drug idiosyncrasies. One could look at an individual and

say what idiosyncrasy he would present to a certain drug.

Dr. G. C. Robinson, of St. Louis, said he was very much interested in

hearing Dr. Draper speak of a patient's reaction to bee stings. During a

trip in the mountains of Pennsylvania one of the party had been stung by a

hornet and five minutes after developed intense edema of the face, diffi-

culty of vision, urticaria and general weakness. After half an hour vision

improved. There was a intense urticaria all over the body and a rapid and

weak pulse. This may have been some form of anaphylactic reaction.

Dr. Henry A. Christian, of Boston, said that Dr. Walter had made

charts showing the heredity in cases of asthma, and from his studies had

come to the conclusion that the factor that was hereditary was the protein

sensitization. There was no inheritance of sensitization to any particular

form of protein; many of the individuals had no symptoms and no disease^

except sensitiveness to one or another protein. Many others had asthma.

Arthritis was common. No particular disease might be inherited, but the

general principles of inheritance of sensitiveness seemed to correspond to

the Mendelian law.

Dr. H, Koplik, of New York, said that a large number of children

suffered from asthma and many gave reactions to sugar in the form of
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eczema. An outbreak of eczema would relieve the asthma. Often one

could trace in the parents of these children a sensitization. They were

affected with "acidity" and showed local spots of eczema Some of the

children complained of joint pains; these did not have asthma, so that it

seemed as if this reaction was selective and attacked certain children in

certain organs.

Dr. S. Solis-Cohen, of Philadelphia, said that this was all part of a

much larger question. There was a peculiar inherited familial liability to

certain disturbances of the autonomic nervous system, and the endocrine

glands, which manifested itself in different groups, in different fainilies, in

different members of the same family and in one. individual at different

periods of time, under varying conditions. The difference in aspect

depended upon two additional factors: one was the difference in the special

exciting cause and the other was the conditions determined in the indi\'idual

himself. These cases should be analyzed from three standpoints: (1)

Hereditary liability; (2) particular exciting cause; (3) particular local deter-

minant. Osier in his studies in 1887 pointed out the whole relationship of

these disturbances in sensitive persons. He discussed horse asthma, hay

fever, pseudo-appendicitis, angiospasms, etc., in a group of persons who
have a tendency to metabolic disturbances and present insufficient carbo-

hydrate and fat metabolism. Persons who showed glycosuria and diabetes

seemed to have a distinct resistance to tuberculosis and to carcinoma. On
the other hand individuals suffering from carcinoma or tuberculosis escaped

these disturbances. Dr. Cohen said he could not pretend to give the explan-

ation, but the facts were very noticeable. This discussion only took in a

corner of a very large field.

Dr. Llewellys F. Barker, of Baltimore, said he thought Dr. Draper

in his paper had made a very laudable attempt to correlate disposition to

infection and the effects of infection. In discussing constitutional make-up

one should ask how far did constitutional peculiarities make the individual

liable to infection and how far did endocrine disturbance modify the make-up

after infection had taken place. In regard to the arthritic diatheses : There

was'evidently a predisposition to arthritic infection. That the endocrine

glands had much to do with external habit was established, but one should

study the endocrine make-up preceding the infection. Artliritis often led to

endocrine disturbance. The thjToid was upset by infection and responded

by hj-perplasia. Infection in the lungs might be through hypophyseal dis-

turbance. It was difficult to disentangle how nmch disturbance preceded

infection and how much was secondary' to it.

Dr. George Draper, of New York, (in closing), said that this was a very

complex problem. Dr. Robinson had spoken of edema of the face following
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a hornet's sting. In the literature, sudden deaths had been recorded from

bee stings about the head, although such persons had been previously stung

about other parts of the bod}^ without bad result. This discussion had

automaticall}^ turned into one on asthma. Dr. Koplik had mentioned the

alternation between eczema and asthma. There was evidently a pituitary

influence in the asthmatic and the skin disturbance might possibly be

adrenal in origin. Dr. Barker had sunamarized the whole situation as far

as infection was concerned.



INTRATHORACIC TERATOMATA

By SAMUEL W. LAMBERT, M.D.

AND

LEILA C. KNOX, M.D.
NEW YORK

A SERIES of cases has recently come under the observation of

members of the medical staff of St. Luke's Hospital which has led

to some studies in clinical diagnosis and in pathology of unusual

interest. Three of these cases occurred in the medical service

and two were discovered in the department of roentgenology. All

five have been grouped under the general heading of congenital

neoplasms or teratomata of the thorax. In addition a case occur-

ring in the service of Professor Longcope at the Presbyterian

Hospital has, through his courtesy, been added.

The histories of these cases are as follows:

Case 1.—P. L. Male, hod-carrier. Aged forty years. Married. First

seen April 14, 1916.

Family History. Six of his children died of infectious diseases and two

are now living and well. His wife has had two miscarriages.

Past History. Was stabbed in the chest twentj'-two years ago, spat

blood at the time of injury and was sick one week. Admits gonococcus

and doubtful luetic infection. Very moderate user of alcohol. Has been

thirteen j'ears in the United States.

Present History. Has had constant pain in the left side of the dorsal

region, passing forward to the epigastrium, which is worse one to two

hours after eating and in bad weather; there is no vomiting; appetite is

poor and bowels are regular; pain interferes with work. Sleeps well;

pain is bad on waking and is not increased by walking, but bad when

sitting or lying on the side. There is no cough, no sweats, no dj^spnea,

no bladder sjonptoms, no palpitation, no hemoptysis and no dysphagia.

Am Phys 2
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Patient has been deaf in the right ear for two years. There is no loss of

weight.

Physical Examination. Patient is a well-nourished man, with good

color and weight of 150 pounds. Lungs: No changes in breath or voice

sounds and no rales are heard; there is dulness to the left of the sternum

from the second rib downward continuous with the cardiac dulness and

extending to the left for three inches from the midline of the sternum.

Heart is not enlarged; no murmurs are heard in the heart or over the are*

of dulness on the anterior chest wall. Liver edge is felt. Spleen is not

felt. Knee-reflexes are present and not exaggerated. Pupils react; the

right is slightly larger than the left. Spine shows no tenderness nor

irregularities and there is no kyphosis. There is a scar on the back of the

right chest, in the scapular line, over the ninth rib. Blood: Hemoglobin

is 100 per cent.; red blood cells, 5,450,000; white blood cells, 9400. The
differential count shows polynuclears, 56; small Ijinphocytes, 34; large

lymphocj'tes, 8; eosinophiles, 2. Wassermann reaction is negative (April

22, 1916). This was repeated several times and after antiluetic treatment

was negative twice (May 31 and August 18, 1917) and doubtful positive

once (October 31, 1918). Urine: Specific gravity 1.023; reaction acid;

albumin and sugar negative. Blood-pressure is 126 systolic, 76 diastolic

and equal in both arms.

The radiographic examination shows a rounded shadow extending

above and to the left of the heart, 13.5 cm. from the midline of the body,

which does not pulsate and which has a broad (6 cm.) extension downward
in the midline behind the heart and reaching to the dome of the diaphragm.

A side view shows the anteroposterior contours of the tumor to be also

globular and situated behind the arch of the aorta and the heart. The
posterior aspect of the mass fits into a sort of bed on the anterior surfaces

of four of the vertebra^, which are deformed in a sjTimietrical curve. It

would seem that this development occurred during gro\\i:h and that the

spinal bones had been prevented from- attaining their normal shape by
the pressure of this neoplasm. This deformity presents a smooth, even

surface, and in no sense can it be considered as an erosion or an inflanmiatorj'

process.

The patient has remained in good health except for recurring attacks of

pain o,f a mild character. He has returned to work and carried a hod still

in April, 1920. On April 11, 1920, the physical signs were unchanged
from those of four years ago and a radiographic study of his thorax shows

no changes from those originally found and described above. The original

diagnosis of teratoma in the posterior mediastinum seemed justified by
the presence of a large, smooth, globular tumor behind the heart, which

has apparently caused by its mere presence a developmental failure to

grow normally in the bodies of the fourth, fifth, sixth and seventh dorsal
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vcrtobro! and has compelled tlu^se bones to form a concave surface on their

ventral l)()rders closely applied to the posterior surface of the tumor.

This diagnosis is substantiated by an entire lack of growth in the tumor

during the four years of observation and by the possibility, by x-ray exami-

nation, especially from the side viewpoint, of showing no pulsation in the

mass and of separating the tumor from the arch of the aorta lying in front

of it. The absences of pulsation, of thrill, of nmrmurs, of tracheal tug

and of radial pulse variation are also confirmatory, although the radio-

graph taken in front places the tumor in the possible location of an aortic

aneurysm.

Fig. 1.—Anteroposterior radiograph of Case 1. Solid teratoma. Deccnil)er, 191(5.

The plates show the radiographic shadows in Fig. 1 as taken from the

back, in Fig. 2 as taken from the side. The spinal deformity referred to is

seen in Fig. 2. Fig. 3 was also taken from the back three and a quarter

years after the radiograph shown in Fig. 1. The measurements of the

tumor are the same on each plate.

Case 2.—G. S. Male. Aged forty-seven years. Married. Born in

the United States. Admitted December 5, 1917.

Family History. Mother died of tumor of the stomach. Eleven brothers

and sisters alive and well; father alive and well. No history of tubercu-

losis in the family.
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Past History. No alcoholic or tobacco excess. Five children alive and

well. Wife has. had no miscarriages. Wassermann in wife and children

negative. Had chancre and gonorrhea twenty-five years ago and received

no treatment until ten years ago. Since then he has been very regular in

taking treatment by mercury and iodide. Nine salvarsan injections have

been given in the past three years. The blood Wassermann was said to

be ++++ two weeks ago.

Fig. 2.— Lateral radiograph of Case 1. Solid teratoma. April, 1920.

Present Ilhiess. Patient for two and a half months has had pain in the

epigastrium after meals; the attacks last one hour, radiate to the back and

are relieved by eating. Two weeks ago a sudden faintness was followed

by vomiting of two cupfuls of clotted blood and later by tarry stools. He

has occasional numbness and shooting pains in the legs, but no headaches.

Phjsical Examination. Lungs negative. Heart: Dulness not enlarged;

systolic murmur is present over one-third of the right intercostal space

at the sternal edges. The second aortic sound is louder than the second

pulmonic. Above the heart there is a central area of dulness two inches

to the right and three inches to the left of the midline extending up to the

first costal interspace. No murmurs, thrill or pulsation over the dulness;



LAMBERT, KNOX: INTRATHORACIC TERATO.MATA 21

no tracheal tugs are obser\ed and the radial pulses are equal. Blood:

Hemoglobin, 70 per cent.; red blood cells, 3,900,000; white blood cells,

12,500, with a differential count of polynuclears 64 and lymphocytes 36.

The hlood-i^-essure is 140 systolic and 80 diastolic. Urine: Specific grav-

ity, 1.025; albumin, very faint trace; sugar, negative; few casts; no acetone

bodies. Spinal fluid contains five cells and has a flat, colloidal gold curve.

Spinal fluid Wassermann is negative; blood Wassermann is also nega-

tive. Eye-grounds are negative. Blood-pressure is equal in both arms.

Fig. .3.—Antcropostorior radiograph of Case 1. Solid teratoma. April, 1920.

December 15 the patient fainted while at stool on a bed-pan. Thirteen,

fifteen and eighteen hours later he vomited black blood clots (32 ounces in

all). After the hemorrhage the blood hemoglobin was 35 per cent.; red

blood cells, 2,000,000; white blood cells, 12,500; with a differential count of

polynuclears 86 and lymphoc>i:es 14. The patient gratlually recovered

from the loss of blood. The radiographic examination showed a shadow

between the second and fifth ribs; the shadow has smooth borders and is

conical in shape; to the left it extends 7 cm. from the median line between

the first and third ribs. To the right it extends 9 cm. from the midline.

It is ovoid and smoothly rounded; under the fluoroscope there is only

doubtful evidence of pulsation.
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December 26 the stool was free from blood for the first time.

January 16 the blood had a hemoglobin of 65 per cent.; red blood cells,

3,500,000. In spite of several negative Wassermann tests of the blood

the patient was treated by mercury and received one treatment, both

intravenous and intraspinal, with arsenobenzol February 8, 1918. This

was repeated March 8, April 12, July 15, September 9, November 6,

December 29, 1918, February 3, 1919, March 19, April 29, June 1 and

September 15, 1919.

Fig. 4.—Anteroposterior radiograph of Case 2. Solid teratoma. December, 1917.

July 15, 1918, the blood examination showed a hemoglobin of 85 per

cent.; red blood cells, 4,300,000; white blood cells, 10,000, with a differ-

ential count of polynuclears, 82; lymphoc}i:es, 16; eosinophiles, 2. The
Wassermann test was negative.

Septeml)er 15, 1919, the patient was in the hospital for the last time. He
had improved in general condition but asthmatic attacks had developed

and a pressure cough had increased in severitj' during the past year;

dyspnea had increased, especially while Ijang on the right side. There
has been no hemoptysis. He has lost ten pounds in weight.

On physical examination the blood is not anemic; the hemoglobin, 98 per
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cent.; red blood cells, 4,800,000; white blood cells, 9700, with a differential

count of polynuclears 74 and lymphocytes 26.

The original diagnosis of aneurysm did not seem to be confirmed by the

subsequent study of the chest by .r-ray examinations. No change in size

was demonstrable in several examinations between December, 1917, and

September, 1919, and no pulsation was seen at any time in the fluoroscope.

No auscultation signs of aneurysm were discovered in frequent examina-

tions. The patient left the hospital September, 1919. His cough became

somewhat troublesome, but his health was not seriously impaired up to the

time of death. He died suddenly, two months later, without evidence of

internal hemorrhage. An autopsy w'as not permitted.

Fig. .5.—Anteroposterior radiograph of Case 2. Solid teratoma. August, 1919.

The diagnosis of aneurysm seems possible for the left central portion

of the tumor mass in this case, but the peculiar shape, the lack of growth,

the absence of pulsation and of murmurs seem to justify the diagnosis of

a teratomatous tumor for the right-sided mass if not for the whole mass

itself.

Fig. 4 shows the condition as observed December 7, 1917, and Fig. 5

gives the chest shadows as found August 2, 1919. A comparison of these

two plates shows the absence of changes during a period of twenty months.
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Case 3.—E. J. B. Male. Aged thirty-four years. Born in the United

States. Married. Admitted January 21, 1919.

Family History. Father died of "cancer of the hip;" mother died of

unknown causes; one brother and one sister died of nephritis.

Past History. Five years ago the patient had a cold in the back and was
sick one week. There have been no other illnesses except the diseases of

childhood. He has had slight gastric indigestion, with occasional vomit-

ing of food, but no blood in the vomitus; no severe pain; no cough; no
hemoptysis; no edema. He is constipated. He had a chancre eighteen

Fig. 6.—Anteroposterior radiograph of Case .3. Solid teratoma. January, 1919.

years ago but no Neisser infection. His habits include ten cigars a day
and very moderate use of alcohol. He has one child alive and well; his

wife has had no miscarriages. He lost fifteen pounds in the past five

months, with occasional night-sweats. He has been short of breath for

one week. For one month following a fall from a ladder he has had pain

in the front of the chest and later around the left shoulder and upper back
part of the chest. He has had no fever or chills. His pain is not worse on
breathing.

Physical Examination. There is flatness over the left upper front of

the chest; breath sounds are absent and whisper is bronchial. Dulness with
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diminished and distant broncliial breatliiug and whisper are found in tlie

scapular region. There is flatness, absence of fremitus and diminished

breath sounds at tlie left base behind. The right chest is resonant with

sibilant breathing in front and with bronchovesicular breathing and whisper

and subcrepitant rales at the angle of the right scapula. Heart is displaced

to the right; all sounds are muffled; no shocks and no thrills are found.

Right border of the heart is 5 cm. to the right in the third space. Pulses

in both radials are about 100 and are equal; no tension; no tracheal tug is

discovered. The liver is enlarged 3 cm. below the ribs. The right kidney

Fig. 7.—A drawing showing relation of teratoma to thoracic contents from Case 3.

is felt, spleen is not felt, but there is no ascites and no edema. The knee-

reflexes are normal. Temperature and' respiration are normal. Urine

shows no albumin and no sugar. Blood shows a hemoglobin of 85 per

cent.; red blood cells, 4,600,000; white blood cells, 9000, with a differential

count of polynuclears 80 and lymphocytes 20. The blood-pressure is

135 systolic and 95 diastolic. The Wassermann in the blood is negative.

The colloidal gold curve is also negative. A test puncture of the left

chest showed a bloody fluid.
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The radiographic examination showed a rounded shadow in the upper

part of the left chest covering the whole breadth of the chest and presenting

a border downward, which seems to represent a spheroidal mass lying above

the heart and to the left, which compresses the upper lobe of the left lung.

There is a shadow in the lower left chest, which was interpreted as free

fluid. Fig. 6 shows the radiographic shadows as they existed January 24,

1919.

The pain continued, was referred to the chest and required sedatives;

the patient grew weaker rapidly and died, after ten days' observation, of

cardiac failure, following two sudden attacks of dyspnea and cyanosis

at intervals of one hour.

Autopsy. The left pleural cavity contains 1 liter of clear straw-colored

fluid. The upper part of the mediastinum is occupied by a mass as large

as a cocoanut situated above the heart and extending into the dome of

the left pleural cavity. The left lung is compressed and adherent to

this mass, but is not involved in it. The mass is rather nodular on the

surface and on incision is found to be made up of a grayish-white, rather

juicy substance with hemorrhagic areas. The heart is negative. The right

lung is edematous and shows numerous elevated nodules, a few milluneters

to 1 cm. in diameter. The left lung is completely atelectatic and its

surface is studded with small, elevated nodules. The parietal pleura on

the left side shows a number of elevated, reddish nodules a few millimeters

in diameter (Fig. 7). The liver shows a few elevated reddish nodules from

a few millimeters to 1.5 cm. in diameter, which on incision are made up of

hemorrhagic tissue. The liver parenchyma appears somewhat granular

and fibrous. The spleen, kidney and prostate show nothing noteworthy.

Anatomic Diognosis. Teratoma of mediastinum. Metastases of pleura,

lung and liver. Pulmonary edema and congestion.

The microscopic examination of this tumor and its metastases, studied

by one of us (Dr. L. C. Knox), is given in detail below under the sub-

heading of histopathology. It is sufficient to note here that the tumor

contained elements of skin, of intestine and of the central nervous system

as well as muscle, cartilage, bone and teeth and that the malignant char-

acter of the growth was that of a typical chorio-epithelioma, so that

tliis tumor must be classed as a teratoma, which is formed of all three

embryonic layers and of the fetal envelopes as w^ell.

The following cases have been observed at the New York Uni-

versity by Dr. L. T. LeWald, who has also done the radiographic

work on the cases from St. Luke's Hospital.

Case 4.—J. W. White. Male. Aged nineteen years. Single. Laborer.

The patient came to the clinic of the New York University and Bellevue

Hospital Medical College January 25, 1916, complaining of headaches, and
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stated that he had had headaches off and on for a period of two years,

which had gradually increased in severity. In the course of a routine

physical examination made l)y Dr. E. J. Riley it was discovered there was

dulness over the left side of the chest, with ob.scure phy,*;ical signs. The
Wassermann examination was negative. A radiographic examination of

the case showed a .shadow to the left of the median line and above the

left auricular shadow. It extended about 9 cm. to the left of the median

line and about 10 cm. in vertical diameter. The edges were rounded and

the lower border was superimposed upon that of the left ventricle. The

Fid. 8.—Anteroposterior radiograph of Case 4. Dermoid cyst. January, 1916.

shadow- was a.s dense as the heart shadow. On fluoroscopic examination

the portion of the mass near the heart seemed to show some movement,

but it was prol)ably transmitted from the heart. No definite expansile

pulsation was made out. November 16, 1916, a second examination was

made which showed a slight increase in the dimensions of the chest tumor.

A third examination showed, March 5, 1919, a marked increase in the size

of the chest tumor. It had reached nearer to the surface of the chest,

having increased about 3.3 cm. in all directions. The heart was pushed

to the right. It would seem that this case represented the commoner
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form of congenital tumor and that it was a true dermoid of the anterior

mediastinum. Fig. 8 represents the radiograph of January, 1916, and

Fig. 9 that of March, 1919. The gradual growth of the tumor is clearly

demonstrated. The diameter of the tumor shadow has increased in thirty-

eight months from 11.2 cm. to 14.5 cm.

Fig. 9.—Anteroposterior riidiograph of Case 4. Dermoid cyst. March, 1919.

Case 5.—J. K. Married. Male. Aged thirty-seven years. Plasterer.

Born in Russia.

This patient came to the clinic of the New York University and Bellevue

Hospital ]\Iedical College July 19, 1917. He stated he had been ill for

five months with pain in his chest. On further questioning a statement

was made that he had had pains in his chest for twenty years. Physical

examination made by Dr. Margaretten disclosed dulness below the left

clavicle. The Wassermann examination of his blood was negative. An
x-ray examination made by Dr. Le Wald disclosed a mass in the left side

of the chest measuring about 8 x 12 cm. in diameter, extending from

the heart shadow toward the lateral wall of the chest and about equal in

density with the heart shadow. The edges were smooth and no expansile

pulsation was olDserved. The case was observed for a period of about
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one year and no change in the size of the intrathoracic mass was seen.

This patient came under observation in the Presbyterian Hospital Decem-
ber 17, 1918, and the subsequent history as given in the hospital reveals

the following:

Patient was admitted with a temperature of 102.8°, pulse 106 and
respirations 46.

The chief complaint was a pain in the chest of thirty-six hours' duration.

The present illness was sudden in onset, with sharp, severe, pleuritic

pain, dyspnea, chill, fever, cough, malaise and prostration and bloody
expectoration. The cough and deep inspiration made the pain worse. He
had pneumonia two j'earsago, with no cough since that attack.

Physical Examination. The patient is a well-nourished, middle-aged

man, apparently very sick. Eyes: Mucous membrane of conjunctivae

slightly reddened. Pupils react to light and accommodation. Month:
Tongue is heavily coated, brown and dry. Teeth are in bad condition,

^\'ith some pyorrhea. Tonsils are not enlarged. Heart: Regular. Mod-
erate force. Apex-beat in fifth left interspace 9 cm. from midline; no
enlargement; sounds are scarcely heard; no murmurs or friction rubs are

found. Pulse is small, weak, regular and easily compressible. Lungs:

Breatliing is somewhat labored. Expansion is poor. Rasping frequent

cough, Avhich is productive. Over the right lung anteriorly there is a very

loud compensatory breathing; a resonant note on percussion; and fremitus

is present; no rales are heard anterior to the anterior axillarj' line, where
there are. many small fine moist rales on inspiration. Over the right

lobe posteriorly there is slightly diminished breathing and a fairly resonant

note on percussion, also a tactile fremitus and quantities of subcrepitant

rales. Over the left lung anteriorly there are also quantities of subcrepi-

tant rales, no diminution in resonance of percussion note and the fremitus

is normal. Over the left lung posteriorly there is diminished resonance

on percussion, markedly diminished breath sounds and . quantities of

moist rales, small and medium in size. Abdomen: Sjiimietrical and quite

distended. Liver and spleen are not palpable. Xo points of tenderness

or masses are found. Reflexes: Knee-jerks are very active. Diagnosis

on admission was bronchopneumonia. Aiialyses: Sputum for pneu-

mococcus grouping (December 18, 1918) showed a hemolytic green strei>

tococcus which was recovered in pure culture from a mouse. Sputum for

tuberculosis is negative in several examinations. Blood Wassermann is

negative. Blood count: Red blood cells, 5,352,000; hemoglobin, not

done; white blood cells, 20,600. Differential count on 100 cells showed
polynuclears, 84; large h'mphocytes, 5; small l^^uphocytes, 11.

December 23, 1918, the signs were clearing rapidly. Only an occasional

rale, mostly in the upper left lobe and the right lower lobes. A profuse

greenish, foul sputum. The general condition was good.
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December 27, at 4 p.m., there was a distinct rise in temperature and
pulse. Temperature was 101.8°, respirations 20, pulse 80. At 4.45 p.m.

the patient coughed up six to eight ounces of greenish, thick, verj' foul-

smelling fluid. He coughed greatly for a while, raising small amounts
of material of the same quality. The patient could not be examined

carefully, but in the left lower lobe there were many coarse wet rales.

Coughing became quieted with patient lying on his left side.

Fig. 10.—AnteropostGrior radiograph of Case 5, Dormoid cyst. July, 1917.

December 28, over the left anterior chest in the second and third spaces,

there are signs which suggest cavity. There is cracked-pot resonance,

diminished breath sounds and a great many coarse moist rales, especially

after coughing; there is postural change in pitch, suggesting a cavity con-

taining fluid. At the right base there are still profuse signs.

The temperature disappeared slowly and the patient made a good con-

valescence. On January 7, 1919, the lungs were practically clear of signs.

A letter from the patient under date of May 15, 1920, states that he feels

well, is able to work and considers himself cured. He states he never

coughed up material resembling hair.

Fig. 10 shows a distinct tumor mass in the root of the left lung as exist-
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ing on Juh' 19, 1917, and a second radiograph taken fourteen months later,

September 13, 1918, shows identical fincUngs. Three months later, after

an attack of fever in December, 1918, during an indefinite bronchopneu-

monia, the patient coughed up a large amount of pus, and an x-ray picture

(Fig. 1 1) taken the next day shows a distinct abscess cavity at the location

in the chest of the tumor mass discovered.

The diagnosis of dermoid cyst, which became infected and ruptured into

a bronchus seems justified by the comparative study of the radiographic

plates.

Fig. 11.—Anteroposterior radiograph of Case 5. Abscess of mediastinum.
December, 1918.

Case 6.—J. McX. Female. Married. Aged fifty-four years. Born

in Ireland. Admitted to the Presbyterian Hospital April 2, 1919, com-

plaining of a dragging feeling in the left upper quadrant during the previous

fourteen months. She had had a cough for the past three weeks.

Family History. Mother and father died in old age. Four sisters are

living. No serious illnesses. Husband is living.

Personal History. Average weight 130 pounds, now 13O5 pounds. Takes

six cups of tea and one cup of coffee a day, but no alcohol. She sleeps

poorly; appetite is good; bowels are regular; she takes an occasional

catharsis. She had done no work in the past eleven months.
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Past History. She had had measles and pleurisy. No accidents.

Thirty years ago she had her left thumb amputated. She has had three

children, one of whom died of pneumonia. No miscarriages. Meno-

pause occurred twelve years ago, when the patient was forty-two years

old.

Physical Examination. Patient is a thin, poorlj^ developed woman,

aged about fifty years. She does not appear to be in good health. Eyes:

Pupils are equal and react normall}\ Chest: Heart is not enlarged ; sounds

are regular; no murmurs are heard. Lungs: Numerous coarse moist

Fig. 12.—Anteroposterior radiograph of Case 6. Calcified dermoid cyst. April,

1919.

rales are heard over both upper lobes anteriorly; over the right lung in

front the percussion note is dull from the fourth space to the liver dulness.

This area extends almost to the anterior axillary hne. Over the dull

area the fremitus and the voice and breath sounds are markedly dimin-

ished. Abdomen: Liver is palpable, otherwise negative. Extremities:

Knee-jerks are active; there is no edema. Sputum: Tuberculosis is not

found. X-ray report: A dense circular shadow is superimposed upon the

central portion of the thorax which seems to indicate that it lies in the

anterior chest wall. There is a distinct curvature of the spine to the right.
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The tumor is probably an osteochondroma. Blood count: White blood

cells are 12,200, polynuclears 66, small lymphocytes 18, large lymphocytes

14, transitionals 1, eosinopliiles 1. The Wassermann reaction is negative.

Fig. 12 shows a tumor in the anterior mediastinum which seems to be

either a dermoitl with marked calcification of its wall, or a solid teratoma.

Diagnosis. The diagnosis of these cases does not present the

same difficulties that existed before the systematic use of the .r-ray

became a routine procedure. The history of these tumors is fairly

characteristic and can be followed by serial .r-ray examination.

They all, both dermoid cysts and teratomata, are embryonic in

their origin and exist in the body of their host at birth. During

childhood they are subject to the same influences of growth as the

host and grow slowly until puberty, at which time the}' frequently

increase in size rapidly, so that in many cases they present clinical

symptoms either before or soon after puberty is passed. The

nutrition of these tumors is dependent on the circulation of the

host, and they give no symptoms, in most cases, except those of

pressure on neighboring organs. As soon as the normal growth

development of the host or autosite is completed that of the tera-

toma or parasite usually becomes quiescent and the tumor remains

as a parasitic structure which shows no tendency to grow or develop

during the remainder of the life of the host, so that the symptoms

of pressure are at no time a prominent feature and in many cases

these tumors are discovered only by a chance examination of the

patient.

Two elements may come in to disturb this usual course; they

may continue to increase in size after puberty. This happens

whenever the secretion from the deformed skin surfaces lining

the cystic portions of the tumor becomes increased in amount.

Pressure symptoms on other structures become prominent or even

developed for the first time as a resujt of this activity. They may,

on the other hand, remain quiescent for many years and then some

embryonic element may take on a malignant character and a form

of neoplastic growth be added to the structures of the tumor mass.

Carcinoma and sarcoma with metastases have been described in

these cases, and at least 2 cases (Ritchie and Case 3 above) of

chorionepithelioma have been found.

Am Phys 3
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Many writers lay but little stress on the value of the .r-ray in

the diagnosis of these cases unless the radiographs show the pres-

ence of bone or teeth in the tumor mass. The teratomata run a

very chronic course and the comparison of radiographic plates taken

at intervals of several weeks or months should help to lead to a

correct conclusion in regard to them, irrespective of the exact

interpretation of the radiographic shadows. The general spheroidal

shape of the tumor mass, with smooth walls, the situation of the

tumor, either in the anterior or posterior parts of the chest, should

help to determine the nature of these cases. These tumors usually

present no symptoms except those of the presence of a growth.

There are no circulation symptoms, no thrills, no murmurs, no

changes in the heart rhythm or in the blood-pressure, except as

these may result from pressure symptoms.

The signs consist in the finding of an area of dulness with absence

over it of breath sounds or of cardiac murmurs. The situation of

the tumor may be anywhere in the chest, but including the der-

moids they are usually found in the anterior mediastinum. It is

possible that they will present externally in the episternal notch

or cause a bulging of the sternum. In cases which become infected

and rupture into a bronchus there would be an expectoration of

cheesy pus w^hich may contain hair. The pressure symptoms may
cause a cough, a pain of moderate degree and a shortness of breath

from pressure on the bronchi or on the lung. The .r-ray will show a

shadow of varying size indicating a more or less spheroidal mass

which does not pulsate and which, after puberty, has a very slight

tendency to increase in size.

The diagnosis is differentiated from the enlarged bronchial

glands characteristic of Hodgkin's disease by the single tumor mass

and the location, which may be in any part of the chest and is

not necessarily central; from aneurysm, by the separation of the

tumor from the bloodvessels, made possible through fluoroscopic

examination, by the absence of pulsation and of murmurs over the

tumor mass and by the comparatively more rapid growth of aneu-

rysmal tumors ; from pulmonary abscess and encysted empyema, by

the location of the shadow, and except in infected dermoids by the

absence of fever; from the hydatid echinococcus cyst by the slower
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growth and the possible absence of a characteristic complement

reaction in the blood; and from the metastatic malignant tumors,

by the history of the case, the absence of a primary growth and by

the different period of life when the tumor develops.

In the cases reported above, Case 1 is probably a teratoma

because of its long duration without growth, of the deformity of

development in the bodies of the four vertebrjie in contact with the

mass, of the continued good health of the patient, of the absence

of circulatory signs in the tumor and of the freedom from pressure

signs, w^hich are absent because the surrounding organs have

accommodated themselves to the presence of the tumor during

the growth of the individual. Case 2 is more doubtful in its

pathology. The differentiation from an aneurysm was considered

justified because specific tests for syphilis did not develop even

under provocative treatment and because the tumor mass had a

peculiar and unusual spheroidal form and remained stationary

fluring more than a period of two years. The patient died suddenly

from a fatal syncope without internal hemorrhage, probably from

nerve pressure. Case 3 was diagnosticated ante mortem as a tera-

toma because of the location, size and shape of the tmnor shadow

and its differentiation from aneurysm. The diagnosis was confirmed

at autopsy. Case 4 presents a tumor of the anterior mediastinum

in a young man, aged nineteen years, who has not passed beyond

the age of growth and development. The mass has gradually

increased in size during three years and has remained a smoothly

spheroidal tumor which presupposes a cyst growing by an interior

accumulation of semifluid contents. The diagnosis of a dermoid

cyst seems quite justified. Case 5 appears to be a similar condi-

tion to that presented by Case 4. The location, the general con-

tour of the shadow and the negative findings in physical signs

would seem to warrant the diagnosis of a dermoid or teratoma.

The subsequent history of fever, the discharge of an abscess cavity

from the bronchi and the radiographic findings justify the further

inference of an infected dermoid with rupture into a bronchus.

One possible ending of such cases is shown in this patient, occurring

after the usual period of growth is ended and due to a streptococcic

infection of a dermoid cyst. Case 6 also presents the picture of a
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teratoma or highly calcified dermoid in a patient aged fifty-four

years. It has not been possible to take a second picture, but the

health of the patient in March, 1920, is still good.

The treatment of these cases is entirely surgical and the results

so far reported, which are given in detail below, show a very high

mortality, as might be predicted from their nature.

None of the present series has been operated on, although it

seems indicated with some urgency in Case 4. Cases 1 and 6 do

not seem sufficiently inconvenienced by their tumors to warrant

interference and Case 5 has run a course which may lead to a spon-

taneous cure. Cases 2 and 3 have died.

HiSTOPATHOi.ocY. The microscopic examination of the tumor

from E. J. B., or Case 3 above, shows that it is a very complex

teratoid growth. The main part of the mass, which is soft, honey-

combed with small cysts and relatively avascular, is composed of a

very edematous stroma penetrated by ducts and irregular glandular

structures. Some of these are sharply defined, with a firm base-

ment membrane and a lining of well-preserved squamous epithelium.

Others, also discrete, are lined with ciliated columnar epithelium.

In one instance the two types are continuous, forming such an

arrangement as appears normally in the nasal mucosa (Fig. 13).

Throughout the stroma are a few hair follicles and sebaceous glands,

but they form no large part of the structure, all cutaneous elements

being rather scanty. Mature skin is not seen and the epithelial

cysts are more often of the epidermoid type, filled with fluid and

small quantities of keratin rather than with sebaceous material.

Numerous other epithelial structures are seen, many of them

difficult to classify. There are long, irregular, glandular acini,

some of them resembling intestinal mucosa (Fig. 13). The epithe-

lium is anaplastic, and although these atypical forms raise the

question of malignancy, such a diagnosis does not seem justifiable.

The variations in arrangement of epithelium and stroma are due

more to the inflammatory and degenerative changes in the tissues

than to the proliferative tendencies of the cells. The columnar

epithelium is found in one instance so associated with smooth muscle

as to reproduce the appearance of a portion of the gastro-intestinal

tract.
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Other epithelium resembling ejK'iulyma is seen composed of

evenly palisaded cells, with nuclei large and hyperchromatic, and
so both in arrangement and form recalling the lining cells of the

cerebral ventricles. Such a duct is seen in Fig. 14, surrounded by
a loose reticular and infiltrated stroma. Pigmented tissue is

present which resembles the choroid coat of the eye.

Fig. 13.— Duct lined with squamous and tall columnar epithelium.

A large part of the tumor consists of masses of neuro-epithelium,

much of it arranged in the form of rosettes. These cells frequently

surround a central area of glia and undoubtedly represent some
abortive attempt to form a fetal brain. The glia is, as is usual

in any complex dermoid, of a nearly normal type with small spheri-

cal nuclei and delicate ramifying offsets (Fig. 15).
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In that portion of the mass which on section revealed calcified

structures there were found many small fragments of bone and

cartilage (Fig. 16). The smaller ossified areas show many osteo-

blasts and a thin layer of periosteum. The bone cells are prac-

tically normal. The cartilage shows only slight irregularities in

the form and distribution of its cells and the staining reactions

are normal.

Fig. 14.—Duct with tall columnar epithelium suggesting epcndyma.

The most interesting and apparently most actively proliferating

structures are, however, those cell masses showing the morphology

of a chorionepithelioma. These are seen chiefly in the anterior

portion of the tumor, and they are the only cells present in any of

the metastases. Such an area is readily located macroscopically
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by associated hemorrhage, as it is composed hirgel\' of extensive

vascular channels bordered and invaded by irregular cell groups.

There is no stroma between the cells. Many cells of Langhans'

type and smaller amounts of syncytium compose this part of

the growth (Fig. 17). The former are variable in size, with rela-

tively large vehicular nuclei and a well-defined cell membrane and
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Fig. 15.— Masses of neuro-epit helium forming rosettes and duets.

clear delicate cytoplasm. The syncytial masses are frequently very

large, multinucleated and take the acid stain readily. Stereocilia

are clearly shown, both on the free surface and also within lining

large vacuoles (Fig. 18).

Several authors have described syncytial cells in these tumors

apparently referring to occasional areas in which cell borders are
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indistinguishable, but the morphology in this case is so clear cut

and the histologic details so well preserved as to leave no room for

doubt that these structures are exactly such as occur in the chorion-

epitheliomata of pregnancy. The two cell forms are readily dis-

tinguishable both by outline and by their staining reactions.
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Fig. 16.—Areas of bone and cartilage.

The nodules in the lung and the one on the parietal pleura, the

metastases in the bronchial nodes as well as those in the liver,

reproduce all of these details perfectly. They show the gross as

well as microscopic hemorrhage. The dilated vascular channels

are blocked by tumor cells. The liver and lung are both being

invaded and destroyed, and with very little encapsulation of the

metastatic foci.
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Literature. The literature concerning mediastinal dermoids

contains report of 79 cases, including the present. A summary of

the cases was made in 1902 by Christian, who tabulated 40. Dang-

schaat, in the following year, published abstracts of 42 cases and

added 2 more. A still more complete resume of the literature

was made by ]\Iorris in 1905, who included a number of cases not

mentioned in the earlier reviews and added 1 of his own. As

Fig. 17.—Areas of chorionepithelioma in liver metastasis, showing Langhans' cells

and syncj-tium. X 200.

careful abstracts are given in his paper of all the 57 cases, with

the exception of that of Warthin, reported up to that time, we
have not reviewed these in detail. We have, however, given in

detail a resume of those which have appeared since. Hertzler,

whose report is the last to summarize the subject, gives a bibliog-

raphy of these cases also, but includes several which we do not

enumerate, since the diagnoses do not appear to give sufficient
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evidence as to the nature of the c\'st in 4 of the cases. Others have

been omitted because of duplication in the records.

The case of French was reported as a probably hydatid cyst

rather than a dermoid. The roentgenogram shows a cystic tumor

in the lung, but positive evidence to support either diagnosis is

lacking. The case of Jones has been included in some of the

Fig. 18.—Details of syncytium from liver, showing stereocilia both on periphery

and lining vacuoles. X 1000.

reviews, but it was reported very briefly and without sufficient

data for diagnosis. Neither case was studied in detail for any

considerable period of time. The case of Shaw is mentioned three

times in the literature, being the same as that appearing under

the name of Godlee and of Godlee and Williams. We ha^'e included

it under the name of Shaw.
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Spatli gives a very interesting; account of a large tumor appear-

ing in the anterior mediastinum and extending into the neck,

but thought to ha\e originated in the fascia o\er the thoracic spine.

It contained fibrous and fatty tissue, bone and cartilage, and has

been classed with the dermoids by Pfianz and Dardignac. As no

microscopic examination is recorded a precise conclusion as to its

structure cannot be drawn.

The case of Lebert is thought to be the same as that of Xaumann
and those of Mohr and Miinz are identical. \'on P>iselsberg's

first case is the same as Dangschaat's second and von Eiselsberg

also reviews Tiirk's case upcn which he operated. Renon's case

was also reported twice.

Stilling found at autopsy a small cyst attached to the arch of

the aorta; this was lined with ciliated epithelium, and although

it showed bone, smooth muscle and mucous glands, it seems prob-

able that it originated from misplaced cells of the entoderm of the

respiratory or gastro-intestinal tract, either of which might be

ciliated in the embryo. It would not necessarily be considered a

true dermoid.

Data concerning Case 56, only mentioned by Morris, are given

through the courtesy of Dr. Warthin, and will be fully reported

by him later in a special volume concerning malignant blastemas

of teratoid origin.

ABSTRACTS OF CASES

56. Warthin. Man. Aged twenty-six years. Laborer. Familj' his-

tory negative. Previous personal history negative until after Hfting a

hay-press. Thought he had "strained himself through the chest." Had
pain in the chest for several days following this. This pain gradually

increased, with sjTnptoms of general indisposition, a slight fever, pulse

108, respiration 36, and when examined about four months after his first

symptoms had developed he was found to have diminished expansion on

the left side, with a great increase of heart dulness and verj^ faint heart

sounds. He had a constant, very dry cough, which was relieved by sitting

up or by lying on the side, but increased on Ijing on the back. No fric-

tion sounds were heard; at this time he had no pain. A diagnosis of peri-

carditis with effusion was made. The area of cardiac dulness increased

rapidly during the next few weeks with an increased dyspnea. Aspiration
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of the pericardium was attempted and a small amount of bloody fluid was

obtained. The patient's condition became progressively worse, and he

died very suddenly. At autopsy a tumor the size of a child's head was

found in the anterior mediastinum, outside the pericardial sac, and appar-

ently springing from the tissues anterior to the great vessels. The main

mass showed all the characteristics of a complex testicular or ovarian

teratoid, cartilage, bone, rudimentary teeth, nervous tissue, a variety of

epithelia, with very cellular areas in part sarcomatous in type and in part

carcinomatous, with some syncytial formation. The entire pericardium

and epicardium were covered with secondary carcinomatous nodules of

epithelial type, some of these extending into the heart muscle. The

important thing about this neoplasm is that it is exactly like the complex

malignant teratomas of testis and ovary, located in the anterior mediasti-

num at the base of the heart and with carcinomatous metastases in the

pericardial sac.

58. Ritchie. Man. Aged twenty-four years. Chief complaint: Pain

in right chest and malaise for three days. Past history stated that he

had not felt well for three months and had had hemoptyses for six weeks.

There was a large area of dulness in the right chest. He became rapidly

weaker, suffered severely from dyspnea and died of exhaustion. At

autopsy there was found to be fluid in both pleural cavities. There was

a mass in the anterior mediastinum which extended down over the peri-

cardium. The tumor was in two parts: to the left a cyst 7 cm. in dia-

meter, to the right a solid mass 15x12x6 cm. The cyst showed an irregu-

lar thin-walled cavity containing sebaceous material and hair. The solid

part was continuous with this and composed of very vascular tissue. The

tumor had metastasized into the lungs, liver and spleen, forming many
spherical nodules from 0.5 to 5 cm. in diameter. Microscopically the cj'st

had a lining of squamous cells, with sebaceous glands and hair follicles in

the wall. The solid tumor and metastases consisted of chorionepithelioma,

with both Langhans' and syncytial cells.

59. Shaw {same as Godlee and Williams). Woman. Aged twenty-six

years. Admitted to hospital June, 1905. Complained of severe cough

and hemoptysis for three months. History of cough for eight or nine

years and frequent expectoration of hair for seven or eight years. Had
been treated for pleurisy at age of twelve years. Examination showed a

prominence of the right chest with dulness from its apex to the fifth rib.

Breath sounds were dimhiished or absent. Behind was less dulness.;

breath sounds, slightly diminished; no rales. Temperature below 99°.

X-ray showed a shadow over the dull area. Operation January, 1906.

Cyst was found at root of lung. Large amount of greasy, foul-smelling

fluid evacuated. Large fleshy masses covered with hair projected into

the cyst. Interior was cauterized. Condition improved. Patient
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returii('(l in May, 1906. Curcttinfi; and cauterization of the cyst was

repeated ten times, with shrinking of tlie walls and reduction in size of

the cavity. Cough and clubbing of fingers diminished. Wound remained,

with foul-smelling discharge. Two of the pockets communicated with

the bronchi.

60. Carpenter. Child. Aged two years. Chief complaint: Orthopnea;

Rapid respiration and pain in side. Past history: P'or one year coughed

and seemed languid. Pneumonia six months previously. On admission

the patient was cyanosed. There was retraction of lower intercostal

spaces and bulging of right chest. Right chest was dull throughout.

Breath sounds were bronchial or absent on right and at left apex. Heart

was displaced to the left. Temperature, 99°. Pulse, 136. Respiration,

60. Aspiration was done, removing 13 ounces of pale straw-colored fluid.

Second aspiration showed bloody fluid. Condition improved. Returned

to hospital soon after, cyanosed and moribund. Dulness had increased.

Autopsy showed the pleurae were normal. Right lung entirely compressed.

In front of it was a cyst, the size of a fist, containing 6 to 8 ounces of clear

fluid. Inside was cheesy material and hair. On section smaller cysts

were found communicating with it and separated by fat, fibrous tissue

and calcified area.

61. Xordmann. Man. Aged sixteen years. Patient demonstrated

after operation. Chief complaint had been cough with dyspnea and

pain in the side. Onset abrupt. Operation: Incision and drainage.

Cyst had been found in the walls of which were cartilage and nerves.

Sac could not be freed because of extent of adhesions.

62. Rcnon. Woman. Aged twenty-two years. Chief complaint:

Severe dyspnea. History of dyspnea, slight at first, five years previously.

Lately there had been intercostal pain at times and attacks of coughing,

without expectoration and afternoon temperature. A puncture in the

fourth space had shown a few drops of pus. On admission was orthopneic,

with cyanosis of the lips, prominence of the jugulars, pulse rapid and small.

Temperature normal. Deglutition was painful. Liver extended below

the costal margin and was tender. Chest showed absence of fremitus in

both lower lobes, with flatness and absent breath sounds. Exploration

showed grumous yellowish-gray fluid containing amorphous material.

Diagnosis of interlobar pleurisy. Sjmiptoms grew worse; severe dyspnea

threatened suffocation. Operation done under local anesthesia. Sub-

periosteal resection of eighth rib. Lung cavity was found, about 22 x 9

cm., containing sebaceous material. It was drained. Patient died two

days later. Autopsy showed a large multilocular mass adjacent to the

heart and attached to the diaphragm. It was pale gray, composed of com-

municating cysts, contained hair and much cartilage in the upper portion.

Weight over 11 kilos. The cyst surrounded the great vessels and was
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adherent to both lungs and to the pericardium. Trachea and aorta were

not compressed. Microscopic examination showed squamous epithelium,

fibrous tissue and skin glands, cartilage and bone and cubical and cylindri-

cal epithelium. Thymic corpuscles were found in various parts of the cyst.

63. Griffen. Boy. Aged fifteen years. Past history irrelevant, but

was thought never to have been strong. Complained of cough for five

years without expectoration. Had had pain in the chest for eight months;

was short of breath and voice was husky. The right chest was somewhat

fuller than the left. The patient was pale and thin; there was dulness

over the greater part of the right chest anteriorly ; respiratory sounds were

diminished and fremitus was absent. Diagnosis was made of encapsulated

pleuritic effusion or growth. Aspiration showed thick dark green fluid

with a few hairs. Resection of a rib was done, showing the large tumor

mass. This also containined the same thick fluid. A subsequent opera-

tion was performed, with resection of several ribs; the mass was found to

occupy nearly the entire right chest, and a large portion of it was excised.

The cavity was packed. The patient failed slowly and died in two and

a half months. During this time the tumor grew rapidly, causing much
bulging of the chest wall. The material removed at operation showed a

large grayish lobulated tumor of rather tough elastic consistency. It

contained skin, cutaneous glands and many small cysts lined with cuboidal

or cylindrical epithelium. There were also neuro-epithelial masses and

neuroglia. The tumor was not thought to be one which would metasta-

size readil5\ No autopsy was obtainable.

64. Mouat. Boy. Aged seventeen years. Admitted to hospital Octo-

ber, 1908. Good health until one year previously. Cough in January,

1908. In April swelling of abdomen with edema of legs. On admission

general edema and ascites. Tapped frequently, but both increased.

Physical examination showed dulness extended about one inch each side

of the manubrium and merged below with heart dulness. Breath sounds

tubular, voice increased. Temperature, 100° to 101°. Died November

25. Autopsy showed a cyst adherent to diaphragm and continuous with

the anterior wall of the pericardium, which was distended with purulent

fluid, fat and long hairs. It communicated by a narrow neck, with a sac

as large as an orange. No pericardial sac could be found. Heart was

embedded in thick posterior wall of the cyst, which appeared to have

grown from the pericardium or to have become completely adherent.

There were extensive pleural adhesions. Viscera were congested l)ut not

diseased. Streptococci were cultured from cyst fluid. Cj^st lined with

scaly fat covered with integument and cavity constricted by broad fleshy

band. Described in Godlee's paper, P. R. S. M., 1908-09.

65. Becker and Carey. Man. Chief complaint: Short of breath; pain

in chest, more on left side; pain in abdomen. Duration about two weeks.
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Physical examination showed u \vell-l)uilt and well-nourished man. Cj^an-

osis. No respiratory movements on the left side; flatness on the left side

anteriorly and below the s])ine of the scapula behind. Tenderness over

the sternum. Xo breath sounds on the left. Egophony present. In ten

days was much worse; shght temperature; dyspnea increasing. Three

liters of fluid were removed, but it soon reaccumulated. An area of dul-

ness from the second to the fourth rib was constant. Edema of the face

and left arm developed. Autopsy showed a mass in the left chest, 30 x 20

X 10 cm., weigliing 4300 gm., extending from the upper border of the

sternum to the diaphragm, rather firm and encapsulated, but on section

was hemorrhagic and apparently cellular. Liver showed numerous nodules

about 1 cm. in diameter. jNIicroscopically most of the tumor was of

soft cellular connective tissue, showing a small amount of cartilage, with

many cysts and glands lined with ciliated and squamous epithelium.

Neuroglia was also found. Liver metastases were like tumor, except that

no epidermis and no cartilage were present. No distinct blood supply

was found. No epidermal structures in the liver.

66. Kaestle. Woman. Aged thirty years. For years suffered with

pleurisy. For four weeks cough; many times coughed up hair. Showed

signs of former pleurisy. X-ray showed a cyst attached to the pericardium

and great vessels.

67. Sieber. Man. Aged sixteen years. Chief complaint: Dyspnea,

cough and tachycardia. No symptoms until six months previous. Physi-

cal examination showed the whole of the left chest flat, with no breath

sounds; the right was normal. Exploration of the back and left side

showed thick jelly-like fluid. Microscopic examination showed squamous

epithelium and keratinized scales. Operation: Incision and drainage.

Death ten days later. Autopsy showed a large tumor in the anterior

mediastinum between the pericardium and the lungs. It measured 22

X 19 X 11 cm. Both lungs were compressed and adherent to the tumor.

The tumor was for the most part encapsulated, although at one point tliis

fibrous sheath was almost lost where the tumor was growing into the lung.

It consisted of a large cavity with rough walls into which nodular growths

protruded. It was lined with squamous epithelium. There were bone and

cartilage in small fragments, large venous sinuses and peripheral nerves.

The greater part showed small cysts or glands lined with various types of

epithelium, manj' squamous, others cj'lindrical, cuboidal or ciliated. Some
showed papillomatous projections. There were small groups of mucous

glands resembling duodenal glands and in other places part of the intestinal

tract was distinguishable.

68. Goebel and Ossig. Patient complained of a fistula over the sternum,

which he had had for a long time. There was pain in this region and to

the right. Incision and drainage had been done a few weeks earlier.
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Operated again, both pleural cavities being opened. A cyst 8 cm. in

diameter was found which contained hair. Microscopically it contained

cutaneous epithelium, with skin glands, smooth and striated muscle and

partially formed glands resembling salivary glands.

69. Ceelen. Man. Aged thirty-three years. Diagnosis: Mediastinal

sarcoma
;
pleurisy. Examination showed right chest dull. Breath sounds

bronchial or absent. Aspiration was done with removal of 1200 c.c. of

fluid. Death in one month. Autopsy showed on opening the thoracic

musculature nodules of the tumor on the left side over the fii'st and second

ribs. There was hemorrhagic exudate in the pleurae. A mediastinal

carcinoma was found gro^\^ng in the wall of a dermoid cj'st about 10 cm.

in diameter. It was attached to the sternum, compressed the left sul)-

clavian vein and partially compressed the trachea. Metastases into the

cervical and bronchial nodes, lung, pleura and liver had occurred. Micro-

scopic examination revealed skin, sweat-glands, smooth muscle, cartilage

and C3'sts lined with cuboidal epithelium, so as to resemble thjToid. Blood-

vessels and nerves were found. Carcinomatous tissue with the formation

of parts of glands was seen. The metastases showed these glandular

arrangements, except the growth on the chest wall, which was apparently

of squamous epithelium, although no pearls nor keratinized areas were

seen.

70. Scfudt. Man. Aged nineteen years. Chief complaint: Swelling

of face, cough, pain in the chest and dyspnea. Total duration four weeks.

There was marked swelling and cj^anosis of the face, arms, neck and upper

chest. Breathing was stertorous. There was a large area of dulness in

the right chest anteriorly extending down to the heart dulness and a smaller

one on the left. A'-ra}' examination showed a shadow the size of a child's

head, with, sharp outlines overlapping the large vessels and part of the

heart. There were no pulsations and the heart was of normal size. Dj^sp-

nea and cj^anosis increased and death occurred in four days. Autopsy

showed a tumor 17 x 11 x 12 cm., solid on the left side, more soft and

hemorrhagic on the right side with implantations on the lung. The vena

cava was constricted and the right subclavian and innominate thrombosed.

The pericardium was invaded and nodules protruded into the interior.

Microscopically the tumor is a solid mixed tumor, with cartilage, epithelial

cysts, smooth muscle and cellular areas resembling the prickle cells seen in

mixed tumors of the salivary glands as well as cylindrical cells. Both

types have characteristics of malignancy and form alveolar sarcoma and

adenocarcinoma, both invading the bloodvessels.

71. Pnjm. Girl. Aged sixteen years. Protrusion of several ribs in

the anterior thoracic region. Exploration showed clear fluid with a few

cells. Operation was done a few months later, with resection of a rib.

Clear fluid mixed with epithelium and hair was obtained; eight months
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later operation again with resection of several ribs. The cyst was exposed,

but was too adherent to be extirpated. Discharge from the wound was

profuse for three months, when it diminished. A dermoid growth about

2 cm. in diameter appeared on the edge of the wound. This increased in

size. A third operation was done, resecting the third to the seventh ribs.

The tumor, covered with epithelium, was exposed, with heavy projections

2 to 3 cm. in diameter. One contained hair. A portion 7x3 cm. was

excised. A calcified portion contained teeth of different varieties. Micro-

scopic examination showed hair and skin glands, central nervous system

with calcification, glia, bone, fatty marrow, squamous epithelium, thyroid

(?), mucous glands, tall epithelium resembling nasal epithelium, nerves,

smooth muscle.

72. Hertzler. Woman. Aged twenty-three years. First suffered from

difficult respiration and fulness in the neck. Dulness over the upper region

and for 2 cm. above where the mass was visible and palpable. Operation

was done, removing as much of the sac as possible. Patient rapidly recov-

ered. The tumor was about the size of a walnut, lined with epidermis

which was studded Avith small hairs. Microscopic examination showed

sweat and sudoriferous glands.

73. Hamman. Man. Aged thirty years. Admitted to the hospital in

1914. Chief complaint : Cough and expectoration. Past history: Asthma

at six years. Four years before admission had cold and pneumonia in

three successive years. Severe dyspnea and eventually hemoptysis, which

had continued at intervals. Was diagnosed as tuberculous and sent to

Colorado. On admission the right chest was normal. Fulness and dimin-

ished movement on the left. Dulness becoming flatness below, extending

from the apex to the fourth rib. Breath sounds diminished. Breath and

voice sounds bronchial. Sputum showed elastic tissue; no tubercle bacilli.

In 1916' noted hairs in sputum.

74. Black and Black. Man, aged forty-six years. Admitted 1915.

Chief complaint: Soreness of left chest, cough and dyspnea. These were

attributed to the result of a blow from a falling tree received ten months

previously. Chest showed diminished respiration on left anteriorly. No
venous engorgement, edema or deformity. Resonant anteriorly, but in

fifth to eighth spaces posteriorly dulness and absent breath sounds. Right

chest clear. Aspiration showed 30 c.c. of bloody fluid. A'-ray showed

large shadow on the left side. Symptoms became worse. Operation:

Resection of the sixth and seventh ribs posteriorly. Pleura bulged and

pulsated. It was stitched to the lung and cauterized between stitches.

Fluid exuded. Interior was explored with the finger and cheesy material

removed. Drainage. Improvement for one month, at which time

exudate increased. Chills and fever supervened; cough and pain became

more severe and hemoptysis occurred. Died in December with severe

Am Phys 4
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hemoptysis. Sections of tissue removed at operation showed teratoma with

a few carcinomatous areas.

75. Harris. Woman. Aged nineteen years. Russian. Chief com-

plaint: Dyspnea and weakness. The .r-ray showed a shadow in the right

chest and hairs were obtained by exploratory puncture. Operation was
performed, disclosing a growth which occupied the greater part of the

right pleural cavity and was adherent to the diaphragm, pericardium

and root of the lung. It was a cj^st 22 x 19 x 10 cm., lined with fatty

material and hair. There were four other small dennoids, only one of

which conmiunicated with the main cj'^st. The mass weighed 2S00 gm.

Owing to the fact that the collapsed right lung failed to expand it became

necessary to obliterate the right thoracic cavity. The patient then made
a complete recovery.

76. Staffieri. Woman. Aged thirty-three j^ears. Chief complaint was

pain in the right chest, hemoptysis and cough. These symptoms had

persisted for seven years, and for two there had been an expectoration of

hair. An operation was performed followed bj^ rapid recoverj', except for

a small fistula.

77. Kleinschmidt (2 cases).

Case 1.—Male. Aged seventeen years. Cliief compaint: Sharp pain

in right chest, intermittent for eight months, becoming more severe.

Examination showed face cyanosed; veins of the right chest, neck and face

dilated. Right chest wall anteriorly below second rib was flat. A'-ray

examination showed a sharplj^ circimascribed shadow in the lower and

middle part of the right lung, merging with the heart shadow but moving
with respiration. Ribs were resected in the scapular line and pus evacu-

ated. Two months later the fourth rib was resected anteriorly, disclosing

dermoid. Drainage for four weeks following and finally a radical operation

was performed. The tumor was the size of a goose egg, nodular inside.

Two subsequent operations were done to obliterate the ca\'it3' and in a

year the patient was virtually cured. The tumor contained skin, skin

glands, hair and cartilage and smooth muscle, nerve tissue, columnar

epithelium. There were also glandular structures resembling pancreas,

with islands of Langerhans and salivary gland.

78. Case 2.—Female. Aged twenty-four years. Chief complaint:

Pain in the chest for two years. Dyspnea and dysphagia six months.

Examination showed the whole thoracic wall bulged forward. There is

marked pulsation near the sternum, but not spreading diffusely and no

bruits or murmurs. A'-ray showed a tumor of the left chest. Radical

operation was performed through the anterior incision. Both pleural

cavities were opened but the course and healing were rapid. The tumor

measured 15 x 10 x 10 cm. and weighed 850 gm. One sac was lined with
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epidermis with hairy outgrowths; other parts showed small cystic cavities

Hiicd with cihated epithehum. The walls contained also cartilage, bone,

smooth muscle and nerves.

79. C.\SE 3 is the only one in this report concerning which the diagnosis

has been confirmed by autopsy. It alone is included in the following

pathologic survey

:

These 79 cases fall roughly into three groups: First, the simple

dermoids in which only a single cyst is found, evidently of ecto-

dermal origin, usually lined with squamous epithelium, and con-

taining within its walls a variable number of specialized epidermal

structures, as teeth, hair, sweat and sebaceous glands. These

form the majority of this group of tumors, 58 per cent, having

shown only such structures.

The others have shown tissue derived from mesoderm or even

well-formed organs in which all of the germ layers are represented.

Bone, cartilage, smooth and striated muscle are found most fre-

quently, while structures resembling respiratory and gastro-intes-

tinal tract, cysts with columnar or ciliated epithelium and various

forms of nervous tissue, as ganglia, glia and embryonic brain, have

occurred many times. ]\Iore rarely portions of an eye with pig-

mented choroidal tissue and a few times thyroid gland have been

identified. Such complex tumors may or may not be associated

with a single large cyst which forms the main bulk of the growth.

]\Iore frequently such is the case, though the dimensions of the

cyst have varied from 3 or 4 cm., as in the case of Salmonsen, to a

very large single or multilocular sac occupjdng practically the

whole of one of the pleural cavities and measuring 25 to 30 cm. in

length. The cases of Sieber, Renon and Sangalli illustrate this type

of growth. The tumors of Fofanow and of Griffin showed many
small cysts giving a honeycombed appearance to the entire struct-

ure but no single large one.

The third and smallest group of these teratoid tumors has shown

one or in some cases two forms of malignancy, besides a variety

of tissues and cellular material. Of the entire series 9, or 11 per

cent., have exhibited both the morphology and the behavior of

such teratomata, resembling in every way these tumors as they

occur in other parts of the body, especially the ovary and testis.

As in the second group a solitary cyst of considerable size has
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usually been found in some part of the tumor, with the exception

of the eases of Warthin, possibly von Eiselsberg, and in the present

case. There has been considerable variation in the development of

the malignant tissue, and as we are dealing with such a case, we

review again those belonging to this group:

A'irchow, in 1871, described a large mediastinal tumor in a

young man. It contained a small cyst, 1.5 to 2.5 cm. in diameter,

and showed tissues resembling fetal lung with elastic fibers and

portions of the intestinal tract. Spindle-cell sarcoma formed a

considerable portion of the growth and a nodule on the rib was

carcinomatous. These structures had metastasized.

Finder's tumor comprised both a fair-sized dermoid cyst and a

cellular tumor, with the morphology of a small round-cell sarcoma

which was invading the lung.

Jores found both a large cyst with squamous epithelial lining and

an extensive cellular neoplasm composed in part of spindle-cell

sarcoma nearly filling the left pleural cavity. Cylindrical, cuboidal

and ciliated epithelium were present, also cartilage, smooth muscle

and cutaneous structures, as teeth and skin glands,

The pathologic findings in the case of von Eiselsbeig (occurring

in an infant) are stated only as showing a "dermoid attached to the

lung and compressing it. Microscopically it showed sarcomatous

degeneration of a teratoma of bigeminal origin in which bone

and cartilage developed."

Ritchie's case is of considerable importance in connection with

the present one, as it alone shows the same manifestations of

malignancy—that is, typical chorionepithelioma—both in the pri-

mary tumor and in the metastases in the liver and spleen. It will

be noted that besides a cyst there was a large, solid, hemorrhagic

mass showing both Langhans' cells and syncytium.

Warthin describes a blastoma in which there are areas of sarcoma

and again of carcinoma, with some syncytial formation. The

metastases were carcinomatous.

The tumor of Black and Black probably contained a cyst which

was opened at operation. A portion of the wall showed carcinom-

atous areas.

Both alveolar sarcoma and adenocarcinoma were observed by
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Scliutt in the primary tumor of his patient, and both these structures

had metastasized.

The fact that two types of malignant tissues have been described

in each of three cases is merely an indication of the embryonal and

incomplete differentiation of the cellular elements rendering impos-

sible clear distinctions between the epithelial and mesothelial forms

and relations with which we are familiar in more mature tissues.

Treatment. Surgical interference has been attempted in about

one-third of the cases, either in the very mild ones presenting a

fistula and a small cyst which could be extirpated without seriously

embarrassing the heart or respiration or else in the severe cases

in Avhich pressure symptoms were very distressing. The operative

procedures and results have been as follows:

Case.
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Case.
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patients, those of Bastianelli, Madelung (2), Tiirk, Harris, StafEeri

and both of Kleinschniidt's, were practically cured.

A further discussion of the surgical treatment will be found in

the papers of von Eiselsberg who operated upon two cases and of

Kiichman, ]\Iadelung, Shaw and Kleinschmidt.

Discussion. These mediastinal tumors do not differ in morphol-

ogy or behavior from those of similar structure occurring elsewhere.

Wilnis in his comprehensive discussion of the subject enumerates

a considerable number found in the skull, cervical region, medias-

tinum, abdomen and sacral region, besides the much larger group

found in the sex glands.

The brain teratomata, of which there are about 12 cases, were

collected by Barron in 1916. They have varied in size from that

of a walnut to an apple, are more frequent in the region of the

epiphysis and have shown every indication of malignancy. It is

of interest to us to note that the tumor of Askanasy and that of

Rohdenburg, believed to be primary in the pineal, showed chorion-

epithelioma.

In the neck, especially near the thyroid, such cysts and complex

growths have also been reported. Ehlers, Kolisko and others have

each described such tumors which were seen in infants and caused

their death within a short time. They were composed of primitive

neuro-epithelial masses and epithelial cysts.

Teratomata of the abdomen, both intra- and extraperitoneal, and

without any evidence of connection with the reproductive organs,

have been noted a few times. In an excellent paper by iMont-

gomery there will be found an interesting report of a highly malig-

nant intra-abdominal teratoma found at operation upon a child,

aged twelve years. There is here a full discussion and comparison

of the other abdominal cases mentioned in the earlier literature.

For the complex malignant tumors the sacral region is not a

common locality. Czerny described such a teratoma containing

squamous-cell epithelioma which showed direct transitions from

this to ciliated columnar epithelium. It was quiescent for nine

years but recurred after operation. The tumor also contained

bone and cartilage.

Chorionepitheliomata of the testis have numbered 70, and are
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collected by Woglom, in whose paper a discussion of their histo-

genesis will also be found.

The various theories that have been advanced in explanation of

the oirigin of this mediastinal class of tumors have been so fre-

quently and adequately discussed in the literature that we merely

mention them here. The simple cysts were at first explained as

derivatives of the ectoderm of one of the branchial arches, formed

in the cervical region and later migrating into the thorax, Collen-

berg advanced this view because in his case there was found to be

a band of tissue connecting the upper end of the cyst with the lower

part of the thyroid.. The vascular supply was derived from the

inferior thyroid artery, and a thin strip of the gland was included.

Marchand who found a cyst closely associated with the thymus,

at first inclined also to the view that their origin might be from ecto-

dermal rests in that gland, but pointed out that a derivation from

the lateral anlagen of the thyroid derived from the fourth branchial

arch was quite as possible. Finders from the close relationship

existing between his cyst and the thymus, regarded this as the

correct interpretation and deduced an ectodermal origin for the

thymus. ^ irchow in explaining the various entodermal structures,

regarded them all as embryonal rests that are separated in the

closure of the thorax, both ectodermal and entodermal tissues being

included. Thus the tubules resembling bronchi are explained not

as an attempt to form fetal organs so much as a more or less acci-

dental juxtaposition of respiratory epithelium with cartilage and

smooth muscle. Wilms thought that the more complex thoracic

growths, as Virchow's, are to be considered developments from small

congenital rests set aside from the germinal layers at an early

period.

Adami has also explained many of the sacral and cerebral groups

as derived from local overgrowths of exuberant tissues produced

by proliferation at the extremities of the primitive streak. Such

an explanation is perfectly feasible for some tumors, and like the

earlier explanations of the thoracic dermoids, is quite adequate for

many cases.

Of late, however, the tendency has been to look beyond any one

anatomic group and search for an explanation which shall apply
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to all of them. As more of the complex tumors are found, one

realizes the need of broader and more fundamental theories to

replace the idea of mere local malformation. Any theory which

will satisfy all the conditions involved in the genesis and develop-

ment of these congenital tumors must take cognizance of and

explain the following facts and undetermined relationships. One

must consider the inferences to be drawn both from the relative

frequency of occurrence of the teratomata in connection with the

sex glands, for it is certain that teratomata of the sex glands both

in male and female are more common than in other locations and

also from the universal intimate relation of these tumors to the

mid-line of the body. And, finally, one cannot overlook the greater

incidence of that rarest form of malignancy— chorionepithelioma,

in the tumors of the ovary and testis, and also the relation to the

sex glands and.to the fetus, of the tumor cells of chorionepithelioma

found in a primary tumor in various parts of the body both in

male and female subjects. Chorionepithelioma is in every case

merely fetal ectoderm, and theoretically there is no reason why it

cannot be produced from one totipotent cell as well as from another.

Four theories have been suggested to explain the origin of the causal

totipotent cell and the genesis of the teratomata.

It has been repeatedly shown in the lower animals, for example

by Wilson, that if the segmenting ovum is stimulated at the two-

cell stage by shaking in solutions of varying tonicity that the blasto-

meres may be isolated and caused to undergo cleavage with the

formation of two small but otherwise normal embryos. Inter-

ference at the four-cell stage may result in two, three or four

embryos, according to circumstances,

Morgan has also shown that alteration of position of a frog's

egg at the two-cell stage caused each ovum to give rise to either

two complete but half-sized embryos or two half-embryos. For

tumors occurring outside the sex glands it therefore seems easy to

suppose that some disturbance in physicochemical relationships

occurring during the early stage of the fertilized o^um might

readily result in some such process, but with subsequent inclusion

and overgrowth of the embryonal structures which are destined to

be the host. It is also easv to conceive of such a cell mass again
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becoming attached to the host, implanting itself along the median

line and being buried during the closure of the thorax or abdomen.

That such a group of cells are totipotent and therefore capable of

forming tissues or organs characteristic of any life-period is plain.

It seems even strange that the trophoblast, which is differentiated

rather early, does not more often appear in neoplasms. The

chorionic epithelium is in this manner readily seen to be a part

of the individual himself and so to differ in derivation if not in

form from the chorionic epithelium which results during adult life

of the female from fetal development during a pregnancy.

That such a process actually does occur in the higher mammals

cannot be demonstrated, but on theoretic grounds it offers a feasible

explanation for certain tumor forms. Anatomically there are

many transition forms lacking between these complex tridermal

tumors containing only rudimentary organs and the double monsters

of nearly complete and independent development. A tumor which

remains small and quiescent throughout the growing period of

the host and then begins active proliferation might well be supposed

to haA'e a different origin from a twin which reaches mature cellular

and organoid structure during embryonic and fetal life and which

afterward is controlled by the same growth limitations as its dupli-

cate. For such tumors the blastomere theory seems most feasible.

As a second explanation of the genesis a development from polar

bodies cannot be denied. The nuclear chromatin extruded from

the ovum during maturation is usually believed to be lost so far

as the vital processes of the segmenting ovum are concerned. It

would at first appear that any portion of the original nuclear

chromatin might have potentialities for extensive growth. But

even in mollusks, in which abnormal growth has apparently been

stimulated by centrifugalization and other means, causing a giant

polar body, there still seems quantitatively and probably also

qualitatively an insufficiency of energy. No growth beyond the

gastrula stage has ever been observed even in invertebrates, accord-

ing to Doncaster. Even if fertilization of the polar body may
rarely occur in mammals, to assume that it is the starting-point

of a tumor, remains a highly theoretical proposition.

The third theory, and one which is by many held as most reason-
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able, is to view all these complex neoplasms as fetal inclusions.

Adami considers that such tumors may be true coeval twins, that

is, developed from two independently fertilized ovr, the one form-

ing the host or autosite for the second which becomes parasitic.

Homologous twins are, however, deriAed from two anlagen which

develop from one ovum, and it is a parasite of this type which is

most generally believed to be represented in the tumor mass of a

teratoma. Many monsters and anomalies are unquestionably of

this type, including the thoracopagi, to which the thoracic terato-

mata would, of course, be most closely related. This theor\' of

origin from a second embryonal area, whether from one oviun or

from two, is capable of explaining the origin of all the teratomata

in as satisfactory a manner as does the theory of origin from a

blastomere cell. Both theories seem more satisfactory than the

third which ascribes their origin to a polar body.

The question of the relation of the germ cells themselves to these

tumors is equally interesting. The much greater frequency of the

teratomata within the ovary and testis than in any other location

challenges an explanation. Many writers, as ]Marchand and Bonnet,

believing that there are special early-differentiated germinal blas-

tomeres and that their abnormal development may form differenti-

ated cells, regard these as the source of such tumors. Others adhere

to the theory that the sex cells themselves may undergo partheno-

genetic development, even to the point of forming special tissues,

such as Loeb has shown occurs in guinea-pigs. This writer has

observed cells resembling chorionepithelioma within the unfertilized

ova of his animals. Such a process might in a few cases even account

for the development of these tumors in the abdomen and thorax if

it were true of mammals, as has been observed by Beard in certain

fishes, that sex cells are found at times in various positions in the

embryo and are by no means limited to the sex glands. These sex

cells, of course, are the isolated germ cells referred to by many

writers, but like the polar bodies their persistence and groAvth

capacities are unknown factors. At present there is a general

tendency to draw a distinction between the origin of these tumors

occurring in the sex glands and of those occurring elsewhere.
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Summary. 1. Mediastinal dermoid cysts or the more complex

teratomata are infrequent tumors, but may occasionally be diag-

nosticated ante mortem. The roentgenographic findings are of

great aid in diagnosis.

2. Symptoms due to pressure usually occur either in early

childhood or during the second and third decades of life.

3. Eleven per cent, of the 79 undoubted cases reported have

developed malignant characteristics.

4. Surgical interference has proved of benefit in about one-half

of the selected cases, with an operative mortality of about 27 per

cent.

5. No sharp line can be drawn histogenetically between the

simpler cystic tumors and the complex and malignant ones. The

latter are usually regarded as an inclusion of a retrograde twin

fetus, but other sources cannot be excluded. These theories

explanatory of their genesis include a growth from isolated blasto-

meres, from polar bodies and from a parthenogenetic development

of sex cells. The simpler cyst may in some cases arise from embry-

onic remnants derived from one or more of the germ layers.
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DISCUSSION

Dr. J. B. Herrick, of Chicago, said that his autopsy studies were made
on the patient who was followed for over a year. Fluoroscopic examination

indicated there was no aneurysm. It was thought there was a dilated right

auricle. The timior was more attached to the pericardium than to the

auricle. It was semi-solid and filled with cholesterin crystals. Such tumors

within the pericardium were very rare.

Dr. Hobart a. Hare, of Philadelphia, asked if Dr. Lambert excluded

ecchinococcus infection by the complement-fixation test. The spherical

cysts were usually quiescent.

Dr. Canby Robinson, of St. Louis, said he noted there were 8 ounces of

pus. Was there anything to confirm the diagnosis of teratoma? Some
aneurysms produced no physical signs. He had shown a considerable

number of plates of wired aneurysm. There was a very irregular outline

in some of the plates which helped in the diagnosis. This fluoroscopic

irregularity differentiated tumor from aneurysm. He had collected

statistics as to mediastinal growths and found that dermoid cj'sts were

rare, according to the literature. One should paj^ more attention to the

mediaatinal contents. He had been surprised to find how many cases came
to the dissecting room. Most extraordinary changes could be found with

reference to the peribronchial lymph nodes. Many fevers might be due

to secondary suppurative changes in tumor formation. These were over-

looked very often, and in any cases of unexplained fever one should think

of the mediastinal hinph nodes. IVIany workers paid no attention to these

tissues.
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Dr. Samuel Lambert, of New York (closing), said that he had read of

one case of dermoid cyst within the pericardium. Tests were not made in

these cases by the complement-fixation method for echinococcus. He did

not believe these cases of congenital tumors were quiescent, as Dr. Hare

had said. In the case of abscess no hair was discovered in the discharged

pus. The pus was examined very carefully. In regard to the possibility

of aneurysm, fluoroscopic tests did not show any evidence of aneurj'sm

in these cases. All the cases had a negative Wassermann. Some had been

given provocative treatment, with salvarsan, in the endeavor to bring out

this point and had failed in all cases. The diagnosis had seemed estabUshed

by exclusion in all six and by autopsj' in one of them.



THE rXEUMOPIIOXOGRAPH: AX ATTEMPT TO RECORD
SOUXD \YAVES IX PHYSICAL EXAjMIXATIOX

By WM. CHARLES WHITE
PITTSBURGH

AND

L. 0. GRONDAHL

Deter:\iination of the physical condition of normal and abnormal

lungs by their influence on the production and transmission of sound

waves in the chest has not made much progress since its discovery.

Its use in diagnosis and prognosis may be divided for discussion

into three parts:

1. The sound producer.

2. The medium.

3. The sound receiver.

The medium is the object of the investigation, the tissues, fluids

and other contents of the chest, and is therefore not subject to

improvement. Improvement in the methods may be sought only

in the source of sound, when artificial, and in the receiver. These

can both be modified and it is possible that the proper modification

of these parts may increase our ability to determine the character

and condition of the medium.

The sounds that have been used most commonly in the past are:

(1) The sounds produced by the patients in inspiration and expira-

tion; (2) the whispered and spoken voice of the patient; (3) cough;

(4) percussion; (5) certain sounds of variable nature known as rales;

(6) sounds produced by friction.

The sounds produced voluntarily or involuntarily by the patient

vary so much in repetition that they cannot be used as the basis of

exact measurements. Percussion and other a'rtifically-protluced

sounds can be made much more accurate in repetition. The

characteristics to be sought are constant intensity and ease of

application to the desired portions of the body. Experiments have

been begun with an artificial percussor and a vibrating telephone

diaphragm. The former is so constructed that a spring dynamom-
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eter indicates the pressure exerted against the body, which can

therefore be made constant. By turning a small crank the hammer

is raised against a spring and released at a definite point so that all

taps are alike. This instrument so far has been found unsatisfac-

tory, partly on account of the sounds produced by the mechanism.

The telephone diaphragm can be operated at convenient fre-

quencies and intensities, by means of a high frequency alternator

or an oscillating vacuum tube circuit. This source may be placed

at the open mouth and the sound observed at different positions

on the chest wall or rice versi, and may be used together with the

receiving instruments described below. Variations in pitch, quality

and intensity of sound are readily obtained by the use of the oscillat-

ing telephone diaphragm.

The receiver has almost invariably been the human ear, aided by

the stethoscope. This has the following disadvantages: first, the

sounds heard and their interpretation depend on the skill and the

physical condition of the observer; second, the only record is the

observer's translation of his observations into words, which do not

convey the same idea to different readers; third, the human mechan-

ism tires readily and in times of emergency, such as recruiting an

army, fails seriously on this account; fourth, without the knowledge

furnished by auscultation or its equivalent in pulmonary conditions

we are robbed of an exceedingly valuable, if not the most valuable,

aid in some phases of diagnosis, prognosis and treatment.

The preliminary work on the sound receiver, although revealing a

great many difficulties, still holds out the hope of some type of

pneumophonograph laboratory where permanent records of at least

the sound conduction of a patient's chest and its contents may be

produced by an untiring instrument.

The instrument that has been used in these preliminary tests

consists of a microphone developed by the Western Electric Com-
pany for stethoscope work and kindly loaned to us for this investiga-

tion, a hindle string galvanometer and camera with the necessary

accessories of lenses, rheostats, batteries and transformers. The

records obtained are illustrated by the accompanying reproductions.

These records present for study the three fundamental charac-

teristics of the sound: namely, intensity, pitch and quality. The

intensity is indicated by the amplitude or width of the swing. The
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amplitude is determined by the sensitivity of the instrument and the

intensity of the wound. The sensitivity may be varied in several

ways and may be determined, so that records taken at different

times may be compared. Pitch is determined by the number of

vibrations per second and indicated by the number of swings in the

corresponding interval on the record. Quality depends on the

relative frequencies and the relative intensities of the component

vibrations and is indicated by the shape of the curve. All these are

illustrated in the accompanying figures.

The intensity and pitch sounds are easily determined from the

records. The recognition of a definite quality or t\'pe of sound,

however, is a more difficult task. As shown in the curves, the

shapes corresponding to different sounds are quite noticeably

different, so that the recognition of pathological sounds from the

shapes of the curves may not be impossible. One difficulty is

encountered in the fact that the instrument records all sounds of

sufficient intensity. In auscultation the attention is possibly fixed

on one particular sound or type of sound and the rest are not heard.

In this case muscle sounds, skin sounds, involuntary motions of the

hand that holds the stethoscope bell, etc., are all recorded, so that

the analysis is not simple. By special precautions some of these

sounds may be eliminated. Others may possibly be filtered out.

In order that complex sounds may be recorded with their true

characteristics, it is important to choose carefully the constants of

all vibrating parts, especially the diaphragm, air columns, and the

string. It may be possible to use filters so as to record only certain

definite determining frequencies.

For study of the transmission of loud, artificially produced sounds

of a definite frequency, such as that described above in the case of

the telephone diaphragm, it is possible to use a simple indicating

instrument, since the only property involved is the intensity. This

will be attempted in the following manner: The electric current

produced in the microphone will be amplified, rectified, and read

on a direct current galvanometer. One scale reading would corre-

spond to the sound transmission of each portion of the chest.

It is known that the electrical resistance of human tissue varies

with its physical condition. An attempt is being made to determine

whether there is any way in which this fact can be made useful in

discovering and locating diseased conditions in the lungs.
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DISCUSSION

Dr. Henry A. Christian, of Boston, said that at the meeting of the

National Research Council an endeavor had been made to bring together

a group of biologists interested in the physical side of their work and a

group of physicists interested in the biologic side of their studj^, so that the

fundamental qualities of biologic material, which in the last analysis were

probably phj'sical, could be studied from this combined point of view.

Hitherto there had been a great gap between these two branches. The
working committee consisted of Dr. Williams, of New York; Professor

Ives and Dr. Bovie, of Boston, and Professor Lilly, of Clark University.

Dr. Francis H. Williams, of Boston, asked if when the amplifier was

used there was any difficulty from external noises, as, for instance, from the

passing of street cars or automobiles. He wondered if with the use of the

filters spoken of it would he possible to exclude undesirable noises.

Dr. L. 0. Grondahl, of Pittsburgh (closing), said that as soon as one

began to use the amplifier one's troubles increased. So far, in regard to

external noises, exclusive of the noises in the stethoscope, there had been

no difficulty. The motors if placed too near the instrument had been a

disturbing factor, but these were easily placed at a convenient distance.



THE EFFECT OX BLOOD-PRESSURE AND THE XOX
PROTEIX XTTROGEX IX THE BLOOD OF

EXCESSIVE FLUID IXTAKE

By JOSEPH L. MILLER, M.D.

J. L. WILLIAMS, M.D.
CHICAGO, ILL.

The nitrogen excretion in nephritis is generally thought to bear a

certain relationship to the quantity of urine excreted. Bamberger

taught that flushing out the kidney increased the urea elimination.

Mohr^ in von Xoorden's clinic later, concluded that reduction of

fluid to the point where the daily output of urine fell below 1200 c.c.

often lead to urea retention. On the. other hand the maximum

nitrogen elimination was obtained with a daily excretion of 1500 c.c.

of urine. Von Xoorden strongly urged that excessive quantities of

fluid be avoided on account of the danger of raising the blood-

pressure. He advised that the fluids be restricted sufficiently to

maintain a daily output of 1500 c.c. of urine and as a safeguard once

a week a flushing out day where the fluid intake is increased to the

point where the primary output reaches two to three liters.

This teaching of von Xoorden has been quite widely accepted

although many have questioned whether the apprehension regarding

the danger of raising the blood-pressure by increased fluids was well

grounded. This is due to the physiological experiment that in the

laboratory animals an intravenous injection of salt solution equiva-

lent to 50 per cent, of the blood volume produced only a slight

increase in the blood-pressure. With properly functioning kidneys

this probably holds true in man.

1 Beitrage zur Diatetik der Nierenkrankhoiten, Ztschr. f. kliii. Med., 1903, 1, 377.
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Kocently, Foster and Davis^ have studied 22 cases of nephritis

determining the effect of water drinking on urea excretion. As a

result of these observations they concluded, subject to individual

variations, that when the daily output of urine was reduced below

1000 c.c. nitrogen retention resulted. The amount of urea excreted

increased with the fluid taken and when the urinary excretion reached

2000 c.c. daily the nitrogen output exceeded the intake.

Minkowski' in reviewing the effect of water drinking in gout found

considerable difference of opinion regarding its value in the elimina-

tion of uric acid. He considered that the maximum benefit is

derived when l^ to 2 liters are taken in the twenty-four hours.

It was thought that it might be of interest to determine whether

by increasing the fluid intake to a very high point by use of the

Rehfuss tube the nitrogen elimination could be increased as shown

by the reduction in the non-protein nitrogen in the blood. At the

same time the effect on blood-pressure of high fluid intake could be

observed. The observations were carried out on three patients.

Two were cases of h^'pertension. One had only a very slight

increase ; the other a very decided increase in the non-protein blood

nitrogen. Both had nocturnal polyuria and at no time had shown

evidence of edema, although both came to the hospital on account

of dyspnea on exertion. Apparently they both eliminated water

well through the kidney. The urine contained an inconstant trace

of albumin, and an occasional hyalin and granular cast. The third

case was a typical, chronic gout of ten years' duration. The fingers

showed to a very high degree the characteristic deformities. There

were urate deposits in the ear cartilages and a large collection of

urates in the olecranon bursae. He no longer had any tj-pical acute

exacerbation, but rather prolonged periods of increased discomfort

followed by weeks of comparative ease. The blood-pressure was

only moderately elevated, 105 systolic. The urine did not contain

any albumin or casts.

During the period of observation all these patients were on the

hospital nephritic diet which includes all the carbohydrate foods.

• The Effect of Water Intake on Nitrogen Retention in Nephritis, Am. Jour. Med.
Sc., 1916, di, 49.

2 Gicht, 1903.
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In the portions ordinarily served this diet contains between 50 and

60 grams of protein.

The non-protein nitrogen of the blood was determined twice at

intervals of four or five days preceding the water drinking test.

The mean of these two readings was taken as the average. The
water was introduced through the Rehfuss tube, the patient being

given 2^ liters every three hours from 9 a.m. to 6 p.m. or a total of

10 liters daily. This was continued for six days and twenty-four

hours after compltting the test the non-protein blood nitrogen was

again determined. The time consumed in taking any one portion

of fluid, i. e., 2^ liters, varied from fifteen to twenty-five minutes.

The retention of the water was determined chiefly by repeatedly

weighing the patient. The urinary output for the various periods

was also recorded.
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phthalein output in three hours was 80 per cent. His urea nitrogen was

24.28 mg. per 100 c.c. of blood. The total non-protein nitrogen was 40.83

mg. The following protocol gives the record for one twenty-four-hour

period

:

PROTOCOL I.



72 MILLER, WILLIAMS: EFFECT OF BLOOD-PRESSURE

pressure increased from 160 to 287, the diastolic from 108 to 180 and the

pulse-pressure from 55 to 107. His increase in weight from the beginning

to the end of the experiment was 18.1 per pound. The following morning

the weight had fallen to within 1.6 pounds of that preceding the experiment.

He first began complaining of headache and dizziness about one hour after

completing the second 2| liters, which corresponds closely to the increase

in pulse-pressure. During the other five days of the test he invariably

complained of headache at this same period. At no time was there any

visible subcutaneous edema. That the volume of the blood was probably

definitely increased is shown by the pulse-pressure. The urea nitrogen

twenty-four hours after this six-day period of water drinking was 25.5 mg.,

the total non-protein nitrogen 37.2 mg. as compared with 24.28 and 40.83

mg. before the test. The uric acid was 3.08 before and 1.51 after. The
creatinin was 1.56 mg. before and 1.48 mg. after the test. The urea nitrogen

actually increased slightly while there was a small reduction in the total

nitrogen. These changes, however, may be considered negligible, as they

represent only the normal variations. The reduction in the uric acid would

appear to have been the result of the treatment, as a week after it was dis-

continued the uric acid had increased to 2.05. During the week following

the patient was given the same amount of water during one night in order

to see if the retention of fluids would be the same as during the day.

The maximum systolic pressure was somewhat less during the night than

during the day experiment (260 as compared with 280). That the water

was eliminated much more readily at night is shown by the gain in weight

which was only 8.9 pounds.

The second patient tested was clinicallj^ similar to No. 1, with the excep-

tion that the non-protein nitrogen was high. The systolic blood-pressure

ranged around 200. The urine contained a trace of albumin and an occa-

sional hyaline and granular cast. The urea nitrogen was 56 mg.; the total

nitrogen, 72.9 mg.; uric acid, 6.59 mg.; creatinin, 3.3. On account of the

marked distress following 5 liters of fluid the patient was given 7500 c.c.

daily the first two days and 5 liters daily the remaining four days.

Immediately after this he felt restless and dizzy and complained of a

feeling of fulness in the abdomen, but did not seem worse than after the

other two doses. However about one hour later he had a severe chill with

nausea, vomiting, dj'spnea, headache and cramps in his legs. This lasted

all night, but by morning he was all right. Urine, 2100 c.c. ; sp. gr., 1004.

In this patient the systolic blood-pressure rose from 200 to 242; the

diastolic from 104 to 140. The pulse-pressure showed extreme variation,

reaching its maximum of 122 at the end of the test. The increase of

weight was 9j pounds. This patient complained of dizziness following the

administration of each portion, and one hour after the third portion had

a chill with vomiting and cramps in the leg. For this reason no attempt
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was made to increase the fluid beyond 7500 c.c. The day following the

same symptoms followed the third portion and in the few following days

only 5000 c.c. was given daily. The urea nitrogen before the test was

56 mg.; the non-protein nitrogen, 72.9 mg.; uric acid, G.G mg.; creatinin,

3.3 mg. Twenty-four hours after completion of the six days' test the

urea nitrogen was 54.1 mg.; the non-protein nitrogen, 69.6 mg.; uric acid,

5.9 mg.; creatinin, 2.45 mg. The slight reduction in the urea nitrogen

and total nitrogen is probablj^ negligible as variations of this degree occur

normally.

PROTOCOL IL

Water was given during the night of December 26 and 27, 2f liters at three-hour

intervals as usual, with the following results:

Time.
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maximum increase in blood-pressure was 15 mm. and he did not show any

appreciable gain in weight.

The urea nitrogen before the test was 66 mg.; after the test 69.4 mg.

Total non-protein nitrogen before the test, 92 mg.; after the test, 97 mg.

Uric acid before, 8.25 mg.; after, 4.85 mg.

PROTOCOL TIL
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slight increase in the uric acid in the blood from 6.17 to 7.25 mg. per 100 c.c.

Atrophan, 3 gms. daily for one week, did not reduce the amount of uric acid

in the blo:)d.

We wish to acknowledge the valuable assistance rendered by the

interns on the service at Cook County Hospital.

SoniARY. In patients with hypertension and presumably chronic

interstitial nephritis, large amounts of fluids may cause a very decided

increase in blood-pressure. Whether this rise occurs depends upon

the promptness with which the kidneys function in excreting water.

In the three cases studied the taking of large amounts of fluid

daily for a period of six days was without effect on the urea nitrogen

in the blood. As it was not feasible to determine the nitrogen

eliminated in the urine during this period, these results do not

exclude the possibility of increased nitrogen output.

In two of these three cases the uric acid in the blood was definitely

lessened. This was probably due to the treatment as following its

discontinuance there was an increase to the previous level.

DISCUSSION

Dr. Harlow Brooks, of New York, asked if that was distilled water or

ordinary tap water.

Dr. L. G. Rowntree, of Rochester, Minn., asked if the doctor made any

studies of nitrogen excretion. He would particularly like to know about

the uric acid disturbance. Did any of the patients develop edema?

Dr. Austin, of New York, said that in normal persons the urea excre-

tion was increased by increasing water at the rate of 3 to 5 liters a day, but

bej'ond that point increasing the urinarj' output did not increase the urea.

Another point was that in bringing about excessive dysuria, taking of dis-

tilled water in large quantities, was followed by a lag in dysuria, but taking

of saline solution was followed by output of the amount of fluid ingested.

Dr. F. M. Allen, of New York, said that in regard to drinking of a large

amount of water there were types of cases in which the tension would go

up with drinking large amounts. These were the normal tension cases.

In the hypertension cases, in which the water was eliminated rapidly, the
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tension did not go up. If one gave these patients salt the tension would go

up, and if a patient with a pressure of 200 got salt, then there would be

fireworks. In one type of normal pressure there was a tremendous lag of

excretion and the blood would show a volumentric increase, but there was

no rise of pressure because the patient got edema. The blood showed gi'eat

reduction in soluble substances and nitrogenous constituents. When
excretion is increased the distilled water sweeps out some of the chloride

and there is a fall in blood-pressure.

Dr. E. p. Joslin, of Boston, said that in considering the elimination of

nitrogen one should bear in mind the total metabolism of the individual.

In the usual quantity of liquid drunk the metabolism was little changed;

with a large quantity metabolism was affected. Unless one remembered

this metabolic change one might not account correctly for the nitrogen

excretion.

Dr. Loevexhart, of ^ladison, Wis., asked if the rise in pulse-pressure

was due to rise in pulse-rate. Was there an increase of cardiac output per

beat?

Dr. H. a. Christian, of Boston, asked if there was a diuretic or non-

diuretic effect.

Dr. H. 0. Rosenthal, of Xew York, said that in considering this prob-

lem one conclusion would not apply to all cases for the reason that a diuretic

effect produced by water would vary very greatly. Water ingested in large

quantities instead of giving diureses might give oliguria; at times it might

produce diminished water content of the body. The effects on blood-press-

ure might be interpreted from two different points of view: (1) A definite

nervous effect on the individual; and (2) the tension of the nervous system

might produce rise in blood-pressure.

Dr. Joseph L. Miller, of Chicago (closing), said that none of the patients

showed any edema. There was a definite diuresis. One patient passed

3700 c.c. between 9 p.m. and 7 a.m.



ACUTE PSYCHOSES ARISING DURING THE COURSE OF
HEART DISEASE

By DAVID RIESMAX, M.D.
PHILADELPHIA

Acute mental disturbances sometimes appear during the course

of heart disease with such startHng suddenness as to disconcert the

attending physician and to prove a severe shock to the patient's

family. The majority of text-books are silent on this subject, yet

the condition is one upon which both from the point of view of

etiology and of prognosis much light is needed. Dr. Head, in 1901,

in a masterly article,^ called attention to the mental changes accom-

panying visceral disease, including heart affections; he concerned

himself, however, chiefly with hallucinations of sight, sound and

smell, and states of mild depression or exaltation, which he analyzed

with very keen insight. In keeping with the opinion of the day in

which he wrote, he speaks of aortic valve disease, mitral regurgita-

tion and mitral stenosis, but does not mention that great group of

cardiac affections in which valvular lesions play a subordinate or

negligible part.

It is of course well known that cardiac patients often are

depressed and irritable, particularly after decompensation has been

established, and sleep, digestion and respiration are in consequence

disturbed. The particular state of mind is closely related to the

patient's temperamental make-up and to his philosophy of life. I

once had under my care a woman, aged about forty years, with the

most hopeless cardiac break, with dropsy, serous effusions, large

liver, cyanosis, insomnia and orthopnea, who until her death main-

tained a perfect sweetness of disposition and a hopefulness of spirit

1 Brain, 1901, 24, 345.
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that was greater than any spes phthisica that I have ever witnessed.

On the other hand, I have seen patients who when decompensa-

tion was far advanced, by their fretfulness and their unreasonable

demands, made life miserable for family, doctor and nurse. But

while such a mental condition is abnormal it cannot be called a true

psychosis. Nor shall I consider among the cardiac psychoses the

delirium of acute and subacute septic endocarditis, since that is

dependent more upon the infectious toxemia than upon the heart

disease as such.

The manifestations of true psychoses are quite varied. Among

the more important types are the following:

1. Hallucinations of sight and sound, more rarely of smell. These

were found by Head^ to be most frequent in aortic disease. The audi-

tory hallucinations consist chiefly of rhythmic sounds like the tolling

of bells or' of knocking; the visual usually take the form of the face

of a man or woman with dimly outlined body standing at the foot

of the bed or stalking slowly across the room. The patients as a

rule recognize the hallucinatory character of the sound or vision and

are disinclined to speak of it until the physician has gained their

confidence. Hirschfelder^ states that a number of patients admitted

having hallucinations after he had assured them that visual hal-

lucinations were not uncommon in their disease and were merely

to be regarded as troublesome but not as significant features. All

who gave positive answers accurately described the visual halluci-

nation as detailed above.

The hallucinations are to be looked upon as misinterpreted sen-

sations caused either by anemia or by venous stasis of definite

brain centers—those connected with sight or hearing—or by cir-

culatory or trophic disturbances in the corresponding peripheral

end-organs. They are usually of a transitory character and do not

affect the prognosis in any definite manner.

2. The most common cardiac psychosis is a state of confusion,

in some cases present only as the patient awakens from sleep or is

about to go to sleep; in others it is a more or less constant symp-

tom. The patient confuses his surroundings, is disorientated as to

1 Loc. cit.

2 Diseases of the Heart and Aorta, Philadelphia, 1918, p. 229.
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time but may become rational when his attention is sufficiently

aroused. This mild type of psychosis is common in myocardial

cases Avith auricular fibrillation with or without decompensation.

The less the natural sleep the greater the confusion.

3. In some cases, especially in elderly persons suffering with

fibroid myocarditis, the mental state is one of excitation with decided

disorientation. Such a ty^e is illustrated by the following case:

Mrs. F. H. W., aged seventy years, with cardiac hypertrophy and

h^'pertension, dyspnea on exertion and a little edema of the lower

limbs, suddenly began to exhibit a state of mental confusion and

excitation which was most marked when she awakened from sleep.

She would stare excitedly about the room, talk incoherently and

try to get out of bed. AYhen engaged in conversation, she answered

most questions pertaining to herself quite well, but to those dealing

with the day's events or with familiar contemporary history, she

gave confused and inappropriate answers. There was no evidence

of motor weakness or paralysis; indeed, she seemed surprisingly

strong. The urine contained a faint trace of albumin, no casts, no

blood, but a very large quantity of urates; its specific gravity ranged

from 1012 to 1022.

The prognosis in such cases is not good, death usually following

within a few weeks after the onset of the psychosis. The patient

may, however, clear up if the myocardial degeneration has not gone

too far and if no complications ensue. In the case just mentioned a

pneumonia supervened.

In some cases the state of excitement alternates with one of

complete apathy and silence— the patient may sit up promptly

when the doctor approaches and may stare directly at him, but

answers no questions and does not betray by any sign that he

understands what is said to him. Such taciturn myocardial

patients have to be watched as they may suddenly become agitated,

get out of bed, and make powerful muscular efforts that may end

in collapse.

4. Perhaps the most interesting, certainly the most startling dis-

turbance arising in diseases of the heart is acute mania which may
appear with the suddenness of an apoplexy and for a time defy all

efPorts at control. I have seen it appear under two conditions: in
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acute pericarditis and in advanced decompensation of myocardial

origin. Its occurrence in pericarditis was pointed out long ago

by Da Costa. The late F. A. Packard was the first to bring it to

my attention when I was his intern in the Philadelphia General

Hospital. We had in our ward a woman, Louisa Wilbur, who had

an acute fibrinous pericarditis, the cause of which I do not remember.

One day without warning she suddenly became wild and maniacal

and had to be restrained. She remained in her state of mania until

death. This experience impressed upon me the importance of

examining for pericarditis all cases of sudden wild delirium or mania.

Mania in the course of myocardial disease is illustrated by the

following case: W. M. R., a physician, aged about fifty years, was

brought to my office in June, 1914, in a state of extreme shortness

of breath and collapse, which had come on while he was cranking

a refractory motor car. Examination showed total arhythmia, an

enlarged heart, enlarged liver but no edema of the extremities.

Under rest and digitalis the patient improved; the auricular

fibrillation, however, was very slow in subsiding. Although he

never regained his full strength, he was able to do a little practice

until the spring of 1915; then, despite treatment, he began to lose

compensation rapidly. At the beginning of June he suddenly

started one day to "act like a crazy man," as his wife expressed it.

For six consecutive hours he raced around his library table, throwing

his hands wildly about and exclaiming: "I am a thief; no I am not.

You are a thief; no you are not. I am a liar; no I am not. You are

a liar; no you are not." These phrases he repeated over and over

without stopping as fast as he could talk for six solid hours. It was

only after Dr. H. MacVeigh Brown, with whom I was seeing him,

had given three large hypodermic injections of morphin that the

man quieted down. For nearly a week, however, he remained in a

state of great physical agitation. He talked incessantly, mostly in

a facetious vein, but without much coherence. Throughout that

time he slept neither night nor day. It was a marvel to all of us

how his heart stood the strain. Toward the end of this period

another strange thing happened—the urine, which had been very

scanty, became greatly augmented, the dropsy disappeared, and the

man was able to lie down flat, which he had not done for a long
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time. He never regained his mind completely and died in stupor

six days after the termination of the maniacal episode.

5. Delusional States. When delusions occur they usually take

a persecutory form and render the patient most unhappy. While

mania and mental confusion are not confined to any particular type

of heart disease, I have seen delusions of persecution so far only in

connection with lesions of the aortic valve. One of the cases was

that of a young baker in my wards at the Philadelphia General

Hospital, who had aortic stenosis of rheumatic origin. He thought

he was being poisoned with gas by enemies in his shop. Under rest

the delusion disappeared in a short time.

6. During attacks of Cheyne-Stokes breathing— a common symp-

tom in cardiac disease— there is at times in the dyspneic period a

state of mental excitement or delirium which subsides during the

apneic period. The seizures of Adams-Stokes disease, which so

closely resemble petit-mal, should also be mentioned here.

In considering the causes of the cardiogenic psychoses a number of

possibilities suggest themselves:

1. The connection may be an accidental one. In an individual

of psychopathic make-up the taint may at any time break forth

quite independently of the existence of heart disease, although the

latter would favor it by impairing the circulation. In asylums for

the insane, cases in which the psychopathy is associated with dis-

ease of the heart are numerous. These chronic psychiatric cases

do not, however, belong here, as this paper concerns itself only with

acute manifestations.

2. A probable factor, in some cases at least, is disease of the kid-

neys, a frequent concomitant of disorders of the circulation. Uremia

by itself is quite capable of producing psychoses, either of the mania-

cal or of the melancholic type. However, I do not believe that the

passive congestion of the kidneys in decompensation of the heart,

although often considered a true nephritis, is capable of producing a

uremic state. As an accessory factor, it cannot be ignored.

3. I have sometimes thought that acidosis may play a part in the

production of mental symptoms in cardiac disease. One often finds

when the circulation is failing that the urine becomes intensely acid

and throws down a heavy pinkish sediment of urates. This is such

Am Phys 6
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a constant phenomenon that I look upon it as possessing diagnostic

value. It occurs in secondary renal congestion; not in primary

nephritis. A study of the subject of acidosis in diseases of the cir-

culation—the blood carbon dioxide, the hydrogen ion concentration,

the ketones and other acid bodies— may, in the future, yield valuable

information.

4. That drugs and poisons may be a factor is a natural assump-

tion. An amount of alcohol that in otherwise healthy persons might

not do any recognizable harm, may in a patient with disordered

circulation lead to a psychosis. Some older writers ha\e held

digitalis responsible for maniacal and other acute psychopathic

outbreaks. Duroziez^ reported a number of cases of delirium and

coma, which he attributed to digitalis medication. H. O. Hall- also

called attention to delirium and hallucinations during the course of

the administration of digitalis. In one case cited by him (p. 490),

it would certainly seem as if digitalis had been responsible for a

condition of mental depression bordering on melancholia. Babcock

(quoted by Hall) noted in two patients a peculiar mental and emo-

tional state that disappeared after the use of digitalis was discon-

tinued. In the one case, that of a woman, with mitral stenosis, the

mental disturbance took the form of a sullen moroseness with taci-

turnity; while the other patient, a man with aortic insufficiency,

manifested a mild delirium of a harmless kind.

At the present moment I have under observation a woman with

auricular fibrillation, who, after about the third or fourth day,

became confused and talkative. She did not seem to know where

she was, although on the occasion of my visits she would answer

questions rationally. She herself said, both to the nurse and to me,

that she thought the dark medicine did not agree with her. The

dark medicine was tincture of digitalis, with a very small amount

of tincture of belladonna. I thought that she might have a prejudice,

so I substituted digipuratum for the tincture of digitalis. But she

also objects to that, and I am strongly inclined to stop the adminis-

tration of digitalis altogether.^

1 Gaz. hebdom., 1874, xi, 780.

2 Am. Med., 1901, i, 598; Ibid., 1905, ix, p. 489.

3 This was done but the psychosis continued, so that it is not likely that digitalis

had anything to do with it.
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While digitalis may in rare instances exert a direct action upon

the brain, it is possible that in some cases when overdoses are given,

it may, by disturbing the cardiac rhythm through its action on the

conducting mechanism, still further impair an already inadequate

circulation. On the whole, however, considering the universal use

of the drug and the carelessness in dosage, one would expect that

if digitalis could cause psychoses they would be much more frequent.

5. Several years ago I had the following experience : Mr. H. B. B.,

a man in the late fifties, was suffering with cardiovascular disease,

with extreme dropsy. I tried digitalis and all other well-known

diuretics without result. About that time agurin appeared on the

market. I prescribed it and was amazed to find the urine output

increased to an enormous degree, with a coincident rapid disappear-

ance of serous effusions and of every trace of dropsy. During the

time that the patient was putting out huge quantities of urine (in one

day more than 200 ounces), he developed a delirious, incoherent

state, which lasted several days and proved most distressing to his

devoted family. I attributed it to a swamping of the system with

the toxic material that had been held in solution in the dropsical

fluid, and which, in order to reach the kidneys, had to return to the

general circulation.

6. In cases in which the foregoing factors are lacking, in which

the cardiac patient without neuropathic taint, nephritis, acidosis

or exogenous intoxication, develops an acute psychosis, we may

assume that it is due to some direct disturbance of the cerebral cir-

culation, affecting the higher centers. At times there is probably

syphilitic disease of the vessels, but that is not a prerequisite.

Dana's hN^pothesis^ concerning the part played by the neuronic

synapses may help us to understand why, in disturbances of the

circulation, alterations may occur in the psyche. Nevertheless, it

is still a far cry from hypofunction of the synapses to an under-

standing of mental exaltation or depression, of hallucinations or

of confusional states.

Not much need be said about treatment, which will vary witli

the tyY)e of disturbance found. Maniacal patients often do not

' Jour. Am. Med. Assn., April 24, 1920.
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respond to morphin or any of its congeners. I have obtained better

results with chloral, which I believe to be not so depressive to the

heart as it is usually considered.

As regards diagnosis, it is ahvays necessary to bear in mind that

acute mania or melancholia may be symptomatic of visceral dis-

ease, in particular, of disease of the heart, and that patients so

affected are not of necessity subjects for the asylum. The prognosis

is governed by the state of the circulation— if the patient's heart

holds out his psychosis will disappear.

DISCUSSION

Dr. Geobge Blumer, New Haven, said that many of these cases were

of syphilitic origin, especially those disturbances accompanying aortic

lesions.

Dr. J. B. Herrick, of Chicago, said these disturbances developed largely

as a result of the circulatory inhibition in the brain, and there was often

very distinct evidence of toxemia. The disturbance of metabolism resulted

in an accumulation of toxic material in the blood. Occasionally toxic mate-

rial was introduced, for example, alcohol or digitalis, or occasionally bro-

mides. Morphin, hyocine and bromine were often given with too free a

hand. One other fact had been noted, the hopefulness of some cardiac

patients; some, it was true, were irritable and nervous, but in some cases

their hopefulness was comparable to that seen in acute phthisis. Dr.

Blumer's point was well taken; aortic disease was often sypliilitic, but it

did not often have mental symptoms.



THE :metabolism of diabetes

By ELLIOTT P. JOSLIN, M.D.
BOSTON, MASS.

To us physicians it would be a comfort if the metaboHsm of an

individual could be adequately expressed in such simple terms as

per kilogram body weight or per square meter body surface. It is

true that these two factors are combined in the Du Bois height-

weight formula, but even this demands two modifications to secure

accuracy, namely, a correction for sex, since the metabolism of

women is about G per cent, less than that for men for corresponding

height and weight and second for age, because the total darh' re-

quirements of the body decrease approximately 7 calories each year.

For this reason Du Boid applies corrections to his formula which

makes it sufficiently accurate for clinical purposes. Harris and

Benedict, however, have constructed a series of tables, based on

actual metabolic measurements of over 2.39 men and women, in

which height, weight, age, and sex are considered, and from these

the metabolism of any individual can be predicted. It shows

progress in calorimetric research that the normal basal metabolism

as estimated by the two methods is but a few per cent, apart.

The total metabolism in diabetes is a varying factor. If one

constructs an arbitrary base Hue—term it for convenience a normal

line— it has been found in the studies at the Carnegie Laboratory

based upon 449 experiments of two to four periods each with 111

fliabetics, that the sum of the extreme variations above and below

this line amount to 88 per cent., and that if an average is taken of

all experiments conducted before June, 1914, when I first used

fasting treatment, and of all since that date, the variations above

and below the above assumed normal line are 27 per cent. For
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this 27 per cent, variation in metabolism Dr. Allen must accept the

responsibility, and this he will doubtless be the more ready to do

when he learns that the average duration of life of the diabetic

today is about twice as great as in 1914. An enormous variation

in the metabolism of diabetics has therefore been demonstrated,

and this has been shown to be closely related to the cases having

been studied before or after undernutrition was inaugurated.

Thus far, with design, any statement as to an increase or decrease

of the metabolism of diabetics above or below normal has been

avoided. It can now, however, be affirmed without fear of con-

tradiction from any source, that the average metabolism of the

diabetics studied in this country was increased prior to June, 1914,

and correspondingly decreased since that date. As to how much

above normal was the metabolism of the group of diabetics once

reported by Benedict and me before this Society, opinion has

differed because of lack of agreement of a normal base line. Bene-

dict and I with our first series placed it 21 per cent, above normal

and with our second and larger series 15 to 20 per cent, in excess.

The average of this same group on the basis of the Harris-Benedict

tables is 11 per cent. If the I)u Bois height-weight formula is

employed with its latest modifications and the Du Bois normal base

line employed the metabolism would probably be found to be about

5 per cent, below the above figures. Since June, 1914, the metabo-

lism of the 76 cases of diabetes studied has been found to be 12 per

cent, below the Harris-Benedict standards.

A relation exists between the severity of the disease and the

metabolism, but this relation is lost unless the date June, 1914, is

introduced. Prior to that date the metabolism was higher the more

severe the case, and subsequent to it the metabolism was lower

the more severe the diabetes. To a large extent these facts are

explained by the severer cases in each group being those which

were most rigorously either o\'er- or underfed.

There is also a relation between acidosis and the metabolism, for

there is a general tendency if the metabolism is above normal for it

to rise with increasing acidosis. This relation, on the other hand,

does not hold for those cases in which the metabolism is decreased.

It is possible that the extreme degree of undernutrition which was in
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process of developineut obscured the effect of the acidosis. This

would appear the more probable when the metabolism of 6 cases

was studied in 12 experiments of varying degrees of acidosis, and

these cases compared with 4 normal indixiduals of corresponding

heights and weights in a period of forced undernutrition. Here a

direct relation between the height of the metabolism and the

intensity of the acidosis was observed.

The respiratory quotient is in close connection with the metabo-

lism. The data show that the lower the respiratory quotient the

higher the metabolism tends to rise. Many interesting observa-

tions were encountered in connection with the respiratory quotient

'

which will later be reported in detail.

The effect of the administration of levulose has been studied in

50 experiments on diabetics. The average of these experiments

showed an increase of 17 per cent, in the metabolism. The more

levulose given per kilogram body weight the greater the increase

in the metabolism. This is not very different from Carpenter's

levulose experiments with normal individuals. He obtained an

increase in metabolism of between 15 per cent, and 24 per cent,

according as to whether the single maximum effect of levulose or

the total additional heat produced is studied. The results with

diabetics are all the more surprising, because with normals the

maximum rise in the respiratory quotient averages 18 points, whereas

with nearly half the diabetics there was no rise at all, and even with

the remaining half the change was slight.

Observations upon the metabolism in relation to the blood-sugar,

blood-fat and non-protein nitrogen were also made. A distinct

relation between the pulse and the metabolism was usually found.

Besides the 50 experiments with levulose there were some 100 other

food experiments. These data are eventually to appear in a

Carnegie publication which should be printed in 1921.

DISCUSSION

Dr. F. M. Allen, of New York, said that diabetes was a disorder in

which the total metabolism was involved. Overfeeding the patient raised

his metabolism. The patient must learn to accept his lowered metabolism,

then he could live indefinitely. One must not try to drive his renal function.



THE INFLUENCE OF PROTEIN FOOD ON INCREASED
BLOOD-FRESSUREi

By HERIVIAN 0. MOSEXTHAL, M.D.
NEW YORK

Protein food has generally been regarded as having a definite

influence on blood-pressure. A diet high in proteins has been

supposed to raise blood-pressure, and vice versa. This principle

has been widely applied in all diseases associated with hyperten-

sion, and, as a rule, a diet low in proteins, especially in meats,

has been prescribed for patients exhibiting an increased arterial

pressure.

It is disappointing to note on what very meager evidence the

above ideas are based. Goodall^ published some very convincing

observations which showed that a distinct drop in blood-pressure

occurred in cases of chronic interstitial nephritis on a low protein

diet. Practically all other efforts in this direction, and they are

very numerous, have confined themselves to general statements

which either expressed an approval, or, in some instances, a dis-

belief, in this relation of blood-pressure to diet; however, the

concrete evidence of carefully observed cases has been largely

lacking.

The following blood-pressure determinations were made on

patients who had been in bed for several days. This allowed the

arterial tension to assume the lower level which mental and physical

relaxation bring about. The manometer readings were made at

approximately the same time every day. The patients were kept

in bed continuously during this study. The long period over

1 The cases reported in this paper were observed at the Medical Clinic of the

Johns Hopkins Hospital.
2 Boston Med. and Surg. Jour., 1913, clxviii. 760.
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which some of the observations were carried out serves as a control

for the fluctuations that may occur in the level of blood-pressure

of individuals suffering with hypertension. During the periods of

low-protein feeding the diets did not contain meat, meat products

(such as soups or gravies) or fish. These foods were taken in con-

siderable amounts on the days of high protein feeding.

Cases 1, 2 and 3.—Neither a high nor a low protein diet have

any remarkable effect upon the blood-pressure in a few days.

Table I.—Blood-pressure Observations on Case 1.

of slight degree.)

Blood-pressure.

(Chronic diffuse nephritis

Day.

1

2

3

4

5

6

7

Systolic.

164
165
162

152

156
160
175

170
150

Diastolic.

110

108

106
110

96

96
110
106
106

Blood,
mg. per 100 c.c.

Total N. P. N.

'

31

Diet.

29

37

Protein, gm.

20
19

20

21

166
196
201

136
150

Character.

Low protein.

High protein.

Table II.—Blood-pressure Observations on Case 2. (Female, aged fifty-six

years, arteriosclerotic kidney of moderate degree; the urine contains a
trace of albumin and a few fine granular casts; the urinary specific gravity
varies between 1005 and 1015; 45 per cent, of phenolsulphonephthalein is

excreted in two hours and ten minutes.)

Blood,
Blood-pressure. mg. per 100 c.c. Diet.

Day.

1

2

3

4

5

6

7

Table III.—Blood-pressure Observations on Case 3. (INIale, aged sixty-three
years, essential hypertension; renal function normal.)

Blood-pressure. Diet.

Systolic.
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Case 4.—^There is no notable change in the level of the arterial

pressure on a high or a restricted protein intake, while the total

number of calories is maintained at a constant level.

Table IV.—Blood-pressure Observations on Case 4. (Male, aged sixty-seven
years. Secondary contracted kidney; at times a trace of albumin and a
few hyalin and granular casts; a phthalein excretion of 25 per cent, in two
hours and ten minutes; urea nitrogen, 34 mg. per 100 c.c. of blood; moderate
arteriosclerosis.)

Day.
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T.\BLE V.—BIood-i)ressure Observaiions on Case 5. (Male, aged thirty-five

years; secondary contracted kidney; albuminuria moderate; a few hyalin

and fine granular casts; phthalein excretion, 21 per cent., in two hours and
ten minutes; low fixed specific gravity of urine; albuminuric retinitis.)
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Case 7.—A diet low or restricted in proteins is not accompanied

by a drop in blood-pressure. An increase of the caloric value of

the food results in no changes in the arterial tension.

Table VII.—Blood-pressure Observations on Case 7. (Male, aged fort}- -six-

years; secondary contracted kidney, with considerable impairment of
renal function; phthalein, 26 per cent., in two hours and ten minutes;
blood-urea nitrogen, after low protein diet, 27 mg. in 100 c.c; Ambard's
constant, 0.144; albuminuria, about 1 gm. per liter; many hyalin and
granular casts.)
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Table VIII.—Blood-pressure Observations on Case 8. (Female, aged forty-

one years; secondary contracted kidney, with marked impairment of renal

function; phthalcin, 10 per cent, in two hours and ten minutes; blood-urea

nitrogen, 45 mg. in 100 c.c; specific gravity of the urine fi.xed at a level

of 1010; marked albuminuria and many hyalin and granular casts.)
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Table IX (Continued).
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Conclusions,—From these observations it would appear tliat it

is exceptional for a low protein diet to diminish the blood-pressure

or a high protein diet to raise it. Case 9, however, shows that this

may occur. This patient was extremely ill, as the great impair-

ment of renal function indicates, and was necessarily maintained

in a state of undernutrition, since any attempts to increase the

food resulted in uremic SATnptoms. However, even in this case a

second period of low protein feeding failed to bring the blood-

pressure to the low level previously obtained.

The diminution of the waste products in the blood, as indicated

by a lowering of the blood urea nitrogen, was without effect upon

the blood-pressure. Changes in the caloric value of the diet, for

a short time at least, did not influence the blood-pressure.

Discussion.—The basis upon which the impression that a low

protein diet reduces blood-pressure rests may possibly be found in

the recent report of F. G. Benedict^ and his collaborators. These

investigators demonstrated that by underfeeding the blood-pres-

sure of healthy, young, male adults coidd be distinctly reduced.

This change was accompanied by various other phenomena, among
them a secondary anemia. These facts furnish a suggestion as to

the therapeutic application of diet to hypertension. A subcaloric

mixed diet may be continued for a considerable period, probably

with beneficial effect. If the health and strength of the patient

are to be maintained it is advisable to regulate the amount of the

diet according to the hemoglobin content of the blood. The
hemoglobin percentage should not fall below 85 per cent. From

the data given in the present communication it is evident that in

most instances a low protein diet continued for a period of a few

weeks is without effect upon the blood-pressure of cases of hyper-

tension.

• Human Vitality and Efficiency under Prolonged Restricted Diet, Carnegie
Institution of Washington, Publication No. 280, 1919.
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DISCUSSION

Dr. Joseph L. Miller, of Chicago, said tliat he had tried diets with

25 grams of protein for five or six weeks, then for an equal time, diet with

high protein, and there was no effect noted on the blood-pressure.

Dr. S. Solis-Cohen, of Philadelphia, said that the question for the

clinician was not purely one of high or low protein, but one of the character

of the protein. He had the impression that there was a considerable differ-

ence in the protein of meat and that of milk.

Dr. Herman Mosenthal, New York (closing), said that for a great

many j'ears workers had noted a difference in the character of the proteins,

and this was worth while considering. Intestinal putrefaction might have

played a part in some of these cases, but as to the effect of the amount of

protein absorbed, in some of these cases, on the system itself, he did not

believe there was any difference in the effects of the proteins.



THE BLOOD-SUGAR TOLERANCE TEST AS AX AID L\
THE DL\GXOSIS OF GASTRO-LXTESTIXAL CAXCER.

By JULIUS FRIEDENWALD, M.D.

AND

GEORGE H. GROVE, M.D.
BALTIMORE, MD.

The great difficulty arising in the diagnosis of gastro-intestinal

carcinoma, especially in the early stages, has long been recognized.

In spite of our modern methods of investigation, including the most

recent tests, the diagnosis in many instances remains obscure often

until late in the progress of the disease and is frequently not revealed

until exploratory incision establishes the true nature of the affection.

Any additional help therefore which may lead to the solution of this

difficult problem cannot but be of the greatest value. In the blood-

sugar tolerance test we believe there has been added a further step

in advance in this direction.

The fact that a high blood-sugar content is usually observed in

patients affected with carcinoma has been known for many years.

Freund,! in 1885, was the first to point out on the basis of seventy

blood-sugar investigations that there is always a hyperglycemia in

this disease; on the other hand he was unable to observe a similar

condition in sarcomatous patients; he therefore recommends on this

account that blood-sugar estimations be made as an aid in the

differential diagnosis between the two affections.

Trinkler^ investigated the blood-sugar content not only in car-

cinomatous patients but also in patients affected with other dis-

eases, such as t}T)hoid, pneumonia and tuberculosis. In these

1 Allgemeine Wiener med. Zeitung, 1885, No. 9, S. 102.

2 Centralblatt f. die mediciiiischen Wissenschaften, 1890, No. 28, S. 498.

Am Phys 7
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observations there were 109 analyses, which were divided into two

groups: (1) the estimation of sugar in the blood collected at opera-

tion, and (2) in that obtained at autopsy. A far greater h.N-per-

glycemia was observed in carcinoma than in other diseases.

The following table of Trinkler is interesting, as it presents the

average, maximum and minimum percentage of sugar in the blood

as observed by him in various diseases:

Average. Maximum. Minimum.

Cancer 0.1819 0.3030 0.1023

Typhoid 0950 .1022 .0875

Lobar pneumonia 0943 .1092 .0813

Dysentery 0838 .0915 .0796

Heart disease 0737 .0897 .0664

Peritonitis 0701 .0917 .0450

Tuberculosis 0652 .0817 .0450

SyphUis 0553 .0748 .0449

Nephritis 0489 .0559 .0311

Uremia 0375 .0559 .0311

Trinkler arrived at the following conclusions:

1. Hyperglycemia is always present in cancerous patients.

2. In carcinoma of the internal organs there is always a far greater

hyperglycemia than in carcinoma of the skin or mucous membrane.

3. The cachexia of carcinomatous patients bears no relation

whatever to the increase in blood-sugar.

In recent years many important investigations have been pub-

lished by various observers regarding the significance of alimentary

hyperglycemia as a test of sugar tolerance in health as well as in

disease.

Jacobson^ was the first to point out the importance of such inves-

tigations. He presents his results in 14 normal individuals following

the administration of 100 gm. of glucose, and observes that an

increase in blood-sugar occurs within 5 minutes after the adminis-

tration of the glucose rising to its height in 30 minutes, which is

followed by a gradual decline to the normal level in approximately

120 minutes, the blood-sugar increasing thus from 0.10 per cent, to

0.22 per cent, in 30 minutes and then gradually falling again to 0.12

per cent.

Hopkins,^ working along similar lines, observed in his investiga-

tions that in health a moderate rise in blood-sugar (0.11 to 0.156

3 Biochem. Ztschr., 1913, S. 411.

* Am. Jour. Med. Sc, 1915, cxlix, 254.
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per cent.) occurs after the ingestion of 100 gm. of glucose reaching

its height in from 30 to 120 minutes, and again quickly subsiding.

He also notes that hyperglycemia is most pronounced in certain

diseases, as in diabetes, pancreatic, nephritic and pituitary cases,

in pneumonia, apoplexy, typhoid, tuberculosis and cancer.

A very elaborate and careful study of alimentary hyperglycemia

has been published by Hamman and Hirschman.^ These observers

have- pointed out that in normal individuals after the ingestion of

100 gm. of glucose the blood-sugar rises to a maximum concentra-

tion not exceeding 0.150 per cent., reaching its height in 30 minutes,

which is followed by a gradual fall.

Similar observations were carried on in various diseases, i. e.,

diabetes, nephritis, disturbances of the thyroid gland and hypo-

physeal functions, with rather definite results, and in some of these

conditions rather typical curves were constructed, which are of

considerable diagnostic significance.

The first careful investigations as to the glucose tolerance in cancer

were published by Rohdenburg, Bernhard and Krehbiel.® Sugar

determinations were made of the blood just before and again in

45 minutes, and 120 minutes after the ingestion of 100 gm. of glu-

cose. While the normal individual presents an increase in the blood-

sugar percentage, reaching its maximum in 45 minutes, which then

gradually recedes to the normal, the cancerous patient begins with

a normal blood-sugar, rising steadily in 45 minutes after the inges-

tion of the glucose to 0.18, or 0.2 per cent., and continues to rise or

remain stationary for 120 minutes after the ingestion of the glucose,

the percentage being either as high as the 45-minute reading or

higher, reaching 0.28 per cent, or even to 0.35 per cent. The blood-

sugar content then gradually begins to recede, approximating

normal in from 180 to 240 minutes. This character of curve was

observed in 24 cases of carcinoma and in 1 case of sarcoma, and was
not found in other diseases.

According to these observers the sugar tolerance bears no relation

to the location of the tumor, for primary carcinoma of the lung,

sigmoid, stomach, heart and other organs all present similar findings.

^ Arch. Int. Med., November, 1917, vol. xx.
« Jour. Am. Med. Assn., May 23, 1919, 1528.
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Benedict and Lewis^ report their observations in the blood-sugar

content in 53 patients affected with mahgnant growths; the blood

being taken 180 minutes after the ingestion of food. Of these cases

10, or 36 per cent., revealed a marked increase in blood-sugar,

ranging from 0.12 to 0.16 per cent. At least 49 per cent, of the cases

showed a tendency to hyperglycemia. According to these investi-

gators there was noted a steady increase in the blood-sugar content

as the disease progresses, reaching a maximum just prior to death,

the hyperglycemia being in all probability a result of a constant

demand of the growing tumor for carbohydrates.

Williams and Humphreys^ observed a moderate increase in blood-

sugar in 9 cases of carcinoma after the ingestion of an ordinary meal

;

they give no determinations following a dextrose meal ; these inves-

tigations are therefore of but little clinical value. Cammidge^ also

calls attention to the hyperglycemia present in carcinoma, believing

that in explanation of this finding there may be at hand a faulty

functioning of the endocrine glands for a "similar hyperglycemic

response followed by a delayed fall to normal has been observed in

h^'perthyroidism and exophthalmic goiter." Very recently, and

since the completion of our study, Rohdenburg, Bernhard and

Krehbiel^° have published the results of an elaborate investigation

on sugar mobilization based upon 228 cases. These authors call

attention to three different types of reaction accompanying the

sugar-tolerance test: In the first type, termed 1, the blood-sugar at

the 45-minute interval rises above the zero hour figure and at the

120-minute interval is as high or higher than the 45-minute interval.

In type 2 the rise in the 45-minute interval occurs as in tx-pe 1 , but

at the 120-minute interval the curve falls almost or completely to

the original figure. In type 3 the initial sugar concentration is higher

than or the same as that at 45 minutes, and the 120-minute interval

shows a return to the original figure more or less complete, some-

times going even higher.

In nephritis 75 per cent, of the cases gave type 2 reaction; 60 per

cent, of the tuberculous cases gave type 1 reaction; 72 per cent, of

T New York Med. Record, October 19, 1914, Ixxxvi, 650.

8 Arch. Int. Med., 1919, xxiii, 537,

' Practitioner, February, 1920.
x) Am. Jour. Med. Sc, April, 1920.
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the cases of syphilis showed t}T)e 2; 60 per cent, of the diabetic type

2 curve; 66 per cent, of the pregnancy cases gave type 1 reaction.

These investigators have materially modified their previous A'iews

regarding the blood-sugar concentration in cancer. They found that

61 per cent, of gastric carcinomata and 50 per cent, of intestinal

carcinomata gave type 1 reaction, and are of the opinion that the

high sugar concentration observed in gastric carcinomata is in no

way due to cachexia. They do not consider that any of the three

types should be considered as diagnostic of any pathological condi-

tion, though generally conditions associated with increased cell

growth present a greater percentage of type 1 reaction.

The great difficulties arising in the diagnosis of gastro-intestinal

carcinomata, especially in the early stages, have led us to make a

further study of the blood-sugar tolerance test as an aid in the differ-

ential diagnosis between carcinoma and other diseases of the abdom-

inal organs, realizing full well, from the work of Rohdenburg and

his co-workers, that a test of this character can serve only as an

additional help in diagnosis, but must in no way be considered as

specific of any disease.

In order to establish the practical utility of the blood-sugar

tolerance test the method employed must be, though necessarily

accurate, so simplified as to be easily carried out and not too time-

consuming. In our examination we have followed the plan recom-

mended by Hamman and Hirschman, as well as that of Rohdenburg,

of giving after a night's fast 100 gm. of dextrose thoroughly dis-

solved in 300 c.c. of black coffee Avithout additional sugar. The

blood was withdrawn for examination by puncture from the arm

vein just before and again in 45 minutes, and 120 minutes after the

administration of the dextrose. The blood-sugar was determined

by the Epstein method by employing a standardized apparatus

which had been thoroughly tested as to its accuracy; we feel that

by this method a simple as well as an accurate means is aft'orded for

estimating blood-sugar. The advantages of this method are well

known. It requires but 10 to 15 minutes to complete a determina-

tion of sugar, necessitating but a very small quantity of blood, and

does not entail the emploAinent of an expensive colorimeter, which

thus renders the method especially useful for clinical work. Again,
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the slight error common to our estimations can be of but minor

significance, inasmuch as the test is a comparative one of at least

three estimations conducted in each individual case, and in addi-

tion all of the determinations were made by the same individual

under similar conditions. The urine was examined at varying

periods in many instances, but sugar was but once observed in any

of our cases up to 120 minutes after the ingestion of the glucose;

occasionally it was present after 180 minutes.

In our investigations the blood-sugar tolerance was studied in

32 cases of carcinoma of the gastro-intestinal tract. All of the cases

were typical of this disease; of these 17 were operated on and the

diagnosis was thus confirmed, and in the remaining cases there were

definite palpable abdominal masses in addition to the usual physical

signs present in this affection; and the examination of the gastric

contents as well as the roentgen ray and final outcome presented

confirmatory evidence in every instance. Of these cases there were

19 of gastric carcinoma, of which there were 11 with obstruction

at the pylorus, 1 at the cardia and 7 presented no obstructions;

there were 9 cases of carcinoma of the stomach, with metastases

in the liver and other abdominal organs; 2 of carcinoma of the rectum

and of the cecum and 1 of the face and tongue. In addition, blood-

sugar tolerance tests were made in 3 cases of uterine carcinoma;

1 case of breast cancer; 1 case of carcinoma of the prostate and spine;

1 case of uterine fibroid; 2 cases of sarcoma (1 of the jaw and 1 of

the leg) ; in 8 cases of peptic ulcer; 2 cases of syphihs of the stomach;

3 cases of diarrhea and dysentery; 8 cases of achylia gastrica and

chronic gastritis; 4 cases of cholelithiasis; 2 cases of chronic appen-

dicitis; 11 cases of enteroptosis; 5 cases of nervous dyspepsia and

5 cases of intestinal stasis and mucous colitis, making 88 cases in

addition to the 4 perfectly normal individuals studied for purposes

of comparison. The sugar tolerance curves as observed in our cases

may be classified into the following groups:

1. TheNormal Curve. In nonnal individuals after the ingestion

of 100 gm. of dextrose the blood-sugar content rises from 0.09 or

even less to a height not usually above 0.165 per cent, within 45

minutes, falling usually more gradually within 120 minutes to about

the level as that observed in the fasting state. This character of
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curve was observed not only in normal individuals but also in the

non-cancerous digestive disturbances other than those which have

been classified in the following group. The two sarcoma cases also

presented normal curves:

M 14 H I m 1% IH 2
HOURS

Chart I.—Maximum, minimum and average normal blood-sugar tolerance curve.

Chart II.—Maximum, minimum and average atypical normal curve.

2. The Ari'PiCAL Normal Curve. In certain individuals, often

those affected with an achylia gastrica, an at^^^ical normal curve is

observed in which the blood-sugar content presents practically

normal values in the fasting state, ascending to a height of from 0.16
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to 0.18 per cent, within 45 minutes after the ingestion of the dex-

trose, faUing slowly within 120 minutes to a level of from 0.13 to

0.15 per cent., but not any lower. This form of curve was found not

only in our achylia cases but also in the cases of pyloric stenosis of

benign origin.

Chabt III.

HOURS

-Maximum, minimum and average intermediate blood-sugar curve.

Chart IV.—Maximum, minimum and a\erage blood-sugar tolerance curve in

carcinoma of the gastro-intestinal tract.

3. The Intermediate CmvE. The intermediate curve is usually

observed in cases of carcinoma not associated with the gastro-

intestinal tract, in which the blood-sugar content presents compara-
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lively high values even in the fasting state of 0.14 to 0.17 per cent.,

and in which after the ingestion of 100 gm. of dextrose there is an

initial rise to a height of from 0.2 to 0.23 per cent, within 45 minutes,

followed within 120 minutes l)y a fall to a level of from 0.18 to 0.21

per cent., never descending at this time to the level observed in the

fasting state. The intermediate curve was observed by us in 3 cases

of uterine carcinoma, 1 case of carcinoma of the prostate and spine

and 1 case of carcinoma of the breast.

CANCER CURVE

INTERMEDIATE
CURVE

ATYPICAL NORMAL
CURVE

NORMAL CURVE

4. The Cancer Curve. The cancer curve is usually observed in

carcinoma of the gastro-intestinal tract in which even in the fasting

state there is a high sugar content of from 0.14 to 0.17 per cent.,

followed after the ingestion of the 100 gm. of dextrose by an initial

rise of from 0.21 to 0.24 per cent, or higher within 45 minutes,

remaining at this level for at least 120 minutes, and at no time during

this period falling below 0.20 per cent. This form of curve was

observed in all of the cases of cancer of the gastro-intestinal tract,

but was not present in any one of the other 55 examinations, includ-

ing 5 cases of carcinoma outside of this tract nor in 2 cases of sar-

coma nor in any of the 45 cases of benign affections of the gastro-

intestinal tract. The form of curve present therefore in gastro-
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intestinal cancer is rather characteristic and can usually be distin-

guished from that observed in cancer of any other region of the body

or from that of non-mahgnant disease. It should be noted, however,

that in cases of suspected carcinoma of the gastro-intestinal tract in

which the curve is not absolutely characteristic or is of the inter-

mediate type that a second examination made after a short interval

of time will usually reveal the true condition.

TABLE PRESENTING THE PERCENTAGES OF BLOOD-SUGAR OBTAINED

IN THE 32 CASES OF CANCER OF THE GASTRO-

INTESTINAL TRACT.

No.
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cachexia exists or not or whether there is l)ut a sUght or a marked

involvement of the organs. It is important to note that diabetes,

nephritis, tuberculosis and disturbances of the thyroid should

always be excluded before the tolerance test is undertaken, in-

asmuch as hyperglycemia is frequently present in these affections.

Inasmuch, however, as this test is to be utilized only as a means of

differentiation between carcinoma and other diseases of the gastro-

intestinal tract, many conditions associated with hyperglycemia

need not be taken here into consideration.

The value of the test is well illustrated in three of the cases of

this series; we append a brief abstract of the histories of these cases:

Case I.—M. R. (No. 4857), male, aged fifty-four years, had
been complaining of stomach trouble for some months; he was
affected with nausea and vomiting; much discomfort after meals

with eructations, flatulency, loss of appetite and loss of flesh (twenty

pounds). Recently he had frequently vomited food taken the day
previously. On physical examination the liver was found enlarged

and there was a definite resistance in the upper right quadrant. The
examination of the gastric contents revealed but small amounts of

free hydrochloric acid, and there was marked retention. On
roentgen-ray examination there was found an enormously dilated

stomach, with a large filling defect and a 1080-minute retention.

The diagnosis of pyloric obstruction, due to ulceration and possibly

to a malignant growth, was made. The sugar tolerance test revealed

a normal curve pointing definitely against carcinoma. At operation,

performed February 21, 1920, by Dr. J. ]\I. T. Finney, a non-

malignant pyloric stricture was found.

Case II.-—E. S. (Xo. 5002), male, aged forty-eight years, had
been affected with indigestion for the past six months. He had
lost ten pounds in weight, had nausea, vomiting, loss of appetite

and complained of weakness and of the passage of blood in the stools.

On physical examination of the abdomen nothing abnormal was
determined. His gastric secretion presented a true achylia. The
stools contained occult blood and the roentgen-ray revealed a large

filling defect at the pylorus, involving a large area on the lesser

curvature. The diagnosis of carcinoma was made. The sugar
tolerance test, however, presented a perfectly normal curve. At
operation, March 1, 1920, by Dr. J. M. T. Finney, a chronic gas-

tritis with pylorospasm was revealed.
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Case III.—M. M. C. (No. 4652), male, aged sixty-one years,

complained of indigestion for at least four years, which had recently

become more aggravated; there was present loss of appetite, eructa-

tions of gas, pressure and fulness after meals, and loss of flesh

(twenty pounds). On physical examination of the abdomen the

liver was found enlarged; there were no palpable masses present.

The gastric secretion presented a low total acidity 10 to 12, with an
absence of free HCl. The roentgen-ray examination revealed a large

filling defect at the pylorus and on the lesser curvature, on account

of which a positive diagnosis of carcinoma was made. The sugar-

tolerance test, however, presented an atypical normal curve. The
Wassermann test was positive and the patient has recovered after

having undergone an antiluetic treatment.

In considering the possible causes that may be responsible for the

delayed tolerance curve in the blood in cancer, two possibilities

have been suggested by Dr. Charles E. Simon:

1. Whenever increased cell production is maintained there must

necessarily be some source of energy available, and inasmuch as

the most potent source is dextrose, it is quite conceivable that a

special call might be made on the part of the multiplying cells upon

the liver for an increased supply of dextrose. Should the liver

respond to this call, but owing to the defective blood supply

in a carcinoma only a small portion of the available sugar should

be utilized, a hyperglycemia might develop. This hyperglycemia

does not occur in sarcoma, which may be explained on the basis that

in this disease there is a more or less abundant blood supply, whereas

in carcinoma the reverse is observed. The available dextrose in

sarcoma would on this account be utilized and a hyperglycemia

would consequently not develop.

2. As a second possibility one could conceive that a hormone

might be liberated into the circulation by the carcinoma, in conse-

quence of which the normal power of oxidation of the sugar on the

part of the tissues at large or of certain special ones, like the muscle

tissues, might be impaired; in consequence a hyperglycemia could

not only result under normal conditions of carbohydrate supply but

also when an increased quantity of dextrose is made available; in

addition it might be possible that such a factor might be responsible

for the defective nutrition of the body at large and thus for the pro-

gressive loss of weight associated with cancer.
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From our study of the blood-sugar tolerance test in health, as

well as in the ^•arious affections of the gastro-intestinal tract, we
believe that the following conclusions may safely be drawn:

I. There is present in carcinoma of the gastro-intestinal tract

usually a rather characteristic curve of sugar tolerance which

differs somewhat from that observed in carcinoma of other regions

of the body. The curve of this affection usually presents a high

sugar content even in the fasting state, followed by an initial rise

up to 0.24 per cent, or higher within 45 minutes after the ingestion

of the dextrose remaining at this level for at least 120 minutes, and

at no time during this period falling below 0.20 per cent.

II. The sugar tolerance test is rather distinctive, so that it may
render valuable assistance in a large proportion of cases as a means
of differential diagnosis between carcinoma and other diseases of

the gastro-intestinal tract.

III. The opportunity has not been afforded to test a sufficient

number of early cases of cancer of the stomach and intestines accord-

ing to this method, so that as yet the value of this test as a means of

early diagnosis has not been established; nevertheless, as positive

curves occur equally whether cachexia exists or not, or whether the

extent of the involvement be slight or great, we are under the impres-

sion that the results may be quite definite even in the early cases of

the disease. This question, however, requires further study.

IV. Finally, while we fully realize that this test is not specific

of carcinoma and cannot be relied upon alone without entering into

the clinical aspects of the disease, and that there are cases of car-

cinoma in which negative findings occur or non-malignant condi-

tions in which the results are positive, nevertheless we are of the

opinion that when properly performed the blood-sugar tolerance

test may be of considerable diagnostic help in obscure cases of

carcinoma of the gastro-intestinal tract.



EPINEPHRIN HYPERSEXSITIVEXESS AND ITS

RELATION TO HYPERTHYROIDISM
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EDNA M. TOMPKINS

AND

JOSEPH T. WEARN
BOSTON, MASSACHUSETTS

There are at the present time two procedures in extensive use

in this country for the determination of functional hyperactivity

of the thyroid gland. One of these, the measurement of the basal

metabolism, rests on sound experimental and clinical observations,

for there is abundant evidence that stimulation of the thyroid

gland, or administration of its active principle, induces an increase

in heat production. There can be little doubt that stimulation of

metabolism is an important feature in hyperthyroidism and that

the measurement of the metabolism is a valuable index of the

degree of activity of the thyroid gland, but we are still in the dark

as to how far other associated features combine with this and go

to make up the clinical symptomatology of hyperthyroidism. The

outstanding drawback to this method for the determination of

thyroid activity is that, even with the recently simplified technical

procedures, it requires specialized training and experience both

for its application and for the proper interpretation of the informa-

tion derived from it.

The second procedure consists of the injections of epinephrin

and its diagnostic significance depends on the tv^pe of reaction which

has been described as occurring in patients with hyperthyroidism,

and which is supposed to be characteristic of this condition. The

test is usually carried out by the method suggested by Goetsch,
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and 0.5 c.c. of a 1 to 1000 solution of epinephrin is arlministerefl.' *

The "positive" reaction wliich has been assumed to indicate hyper-

thyroidism consists of tlie production of a rise of systolic blood-

pressure of at least 10 mm. of mercury, or a rise in pulse-rate of at

least 10 beats per minute, together with an increase of such signs

and symptoms as tremor, sweating, vascular pulsation, nervousness

and palpitation.

The test is so easy to ai)ply and apparently so simple to interpret

that it has been widely adopted as a diagnostic measure, and the

"positive" reaction is frequently considered as an indication even

for surgical interference. On account of this tendency to regard

the test as highly specific in its significance, it has seemed to be of

* The tests were actually carried out in the following manner, as described by
Wearn and Sturgis (Arch. Int. Med., 1919, xxiv, 247): "The patients remain at
absolute rest in bed for a period of one hour. If there is restlessness or appre-
hension they should be reassured, and every effort made to obtain mental as well

as physical quiet. At the end of the rest period control readings of the blood-
pressure, pulse- and respiratory rates are made at five-minute intervals. Also at

this time a note is made as to the presence of nervousness, precordial pain, dizziness,

palpitation or any other symptoms which may be significant. Likewise the objec-

tive condition of the patient is observed, and it is recorded if any of the following

signs are present: tremor of the hands, sweating, coldness of the hands, throbbing
of the neck, epigastrium, or over the precordium and pallor or flushing. At the
end of an hour's rest in bed the patient is usually quiet and has few complaints;
the bload-pressure and heait-rate are normal, or there may be a slight tachycardia
(in sharp contrast to the patient with exophthalmic goiter in whom a more marked
tachycardia persists even when at rest in bed). Likewise after the rest period there

is little to record from an objective or subjective standpoint. If this condition

approaching the normal has not been attained then the control readings should
continue further, for with nervousness, tremor, sweating, tachycardia, or possibly

other prominent signs already present it would be difficult to judge the effect of the
epinephrin. In a few patients the control readings of blood-pressure and pulse

remained at a level slightly above the normal, but the injection of epinephrin was
carried out after they became constant. In a number of patients venipuncture
was done at the end of the rest period for blood-sugar determinations, but when
this or any other disturbing factor is introduced it is necessary that subsequent
control readings be made, and these should agree with the preliminary readings
before the test can proceed.

After satisfactory control readings have been made, 0.5 c.c. of a 1: 1000 solution

of epinephrin, freshly prepared, is injected deep into the deltoid muscle. In all of

these tests the solution was made by adding j Jq grain of Parke, Davis & Co. adren-
alin brand of epinephrin tablet to 1 c.c. of water, thereby making a 1 : 1000 solution.

After the injection four or five readings are made of the blood-pressure, pulse- and
respiratory-rates at two- or three-minute intervals, and also at these times any
change in the objective or subjective condition of the patient is noted. After the
first few observations, readings are continued at five-minute intervals until one
hour after the injection, when ten-minute readings are made for a period of one-
half hour, thus making the observation period one and one-half hours from the time
of the injection. From our experience at Lakewood it would seem that the time
of observation could safely be cut to one hour, as we have failed to observe anything
of importance after that length of time."
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importance to study in more detail the nature of the reaction to

epinephrin and to determine the conditions under which the "posi-

tive" reaction, which may be assumed to indicate epinephrin

hypersensitiveness, appears. Such studies have been carried on at

U. S. Army General Hospital No. 9, Lakewood, X. J., and at the

Peter Bent Brigham Hospital, Boston. The present communi-

cation is a brief summary of the results.

As far as is known, the difference between "positive" and "nega-

tive" reactions to epinephrin is a quantitative one, and what clini-

cal significance the test possesses depends on the selection of a

proper differentiating dose. Even so small an amount as that

used (0.5 c.c. of a 1 to 1000 solution) probably produces some

eft'ect in everyone. In subjects reacting wholly "negatively" it

has been found that the basal metabolism is temporarily raised

from 5 to 15 per cent., while in those reacting "positively" the

increase is from 15 to 30 per cent.^ No such effect is observed,

even in nervous subjects, from the prick of a needle or from the

injection of salt solution. Under given circumstances the effect

of the drug seems to remain fairly constant in a given individual.

A fundamental part of the investigation obviously consists of

the "control" observations carried out on normal individuals.

These were begim in the army and it was soon found that the

problem was complicated by the fact that our standards of nor-

mality were not clearly' defined. A number of patients in the

hospital for minor surgical ailments turned out to be hypersensi-

tive to epinephrin. Analysis of their past histories and of their

characters suggested that while they were normal men judged by

the usual standards, they were not the tjqjes from which good

soldiers are made. From the point of view of the army, the "nor-

mal control", must be the soldier who can withstand the strain of

hard training. A group of 26 men from an organization which

had undergone training for fourteen months and was on its way

overseas were therefore studied and none of these were found to

give "positive" reactions to epinephrin. These were, of course,

selected normals for thej^ were men of unusual physical endurance

and nervous stability. A second group of normal men tested con-

sisted of 28 Harvard medical students, and among these 4, or 14
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per cent., gave perfectly definite "positive" reactions. Four other

men showed transient rises of pulse-rate of over 10 heats per minute,

or of a systolic blood-pressure of more than 10 mm., or both. But

Chart 1.

time trtmor pulsations sweating flushing hands miscellaneous

9.00 _ _ _ _ COLD RESTING QUIETLY

9.1)5 — — — - " ..I.
9.09 — — — _ .. .. •>

9.15 EPINEPHRIN 0.5 CC 1 :1000 SOLUTION INTRAMUSCULARLY

9.18 V.SL.

9.21 -
9.21 -
9.27 —
9.30 -
9.35 -
9.40 -
9.15 -
9.50 -
9.55 -

10.00 -
10.05 V.SL.

10.10 +
10.15 +
10.20 +
10.25 +
10.30 +

COLD RESTING QUIETLY

140

SYS. B. P.

130

120

110

100

90

80

OIAS. B. P.

70
PULSE

"""" -------------------- - -^ ^ 1 T
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slight increase in blood-pressure and pulse-rate were noted. In

addition to this there is a third group which may also be properly

considered among the normals. These were patients at General

Hospital No. 9, on whom the diagnosis of "effort syndrome" was
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but there is very general agreement that hyperthyroidism plays

no part in it. The clinical picture is not similar to that of hyper-

thyroidism; the subjects improve under therapeutic measures that

make patients with hyperthyroidism worse; and the basal metabol-

ism is normal. If so common a condition as "eft'ort syndrome"

represented even a mild or incipient type of hyperthyroidism it is

almost inconceivable that definite cases should have been so rare

in the army. Among 14.3 cases of "effort syndrome" 69, or 48

per cent., reacted "positively" to the epinephrin test. These

results are not unlike those obtained by Boas,-^ who reports that

28 per cent, of 21 cases of "effort syndrome" gave "positive"

reactions. In association with this type of subject one may also

consider the observations made on a small number of definite

psychoneurotics—individuals who cannot be classed as wholly

normal because the symptoms arising in the course of a normal

life induced them to seek medical advice, but persons, on the other

hand, in whom no evidence of organic disease, either of the thyroid

gland or of any other organ could be found. Among 7 such sub-

jects all were found to give "positive" reactions to epinephrin.

Summarizing the observations made on the various groups of

subjects without evidence of organic disease, one finds that hyper-

sensitiveness to epinephrin is certainly not characteristic of the

hardened soldier, that it occurs in about 14 per cent, of average

young men, such as medical students, that it is present in nearly

50 per cent, of the type of young men who broke down under

military training with the picture of "effort syndrome," and that

it is still more common among definite psychoneurotics. It is

difficult not to see some relation between epinephrin hypersensi-

tiveness and what one may call a "nervous constitution." On
account of what is generally accepted as being known about the

physiological action of epinephrin one is tempted to regard the

test as indicating a hypersensitiveness of the sympathetic nervous

system. It is frequently possible to select, on the basis of clinical

study, the subjects who will react to epinephrin, but this is by no

means always the case. Even after considerable experience with

the test one is liable to fall into error. There are many highly

"nervous" or "neurotic" people who do not react "positively,"
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and there are occasional persons who have no apparent neurotic

tendencies who react violently to the drug.

The epinephrin test has also been used on various other types

of hospital case. Among 17 patients with organic heart disease

3, or 17 per cent., gave "positive" reactions. This corresponds

closely with the 14 per cent, of "positive" reactions found in the

group of medical students, and it is possible that the figure repre-

sents approximately the average incidence of the reaction among

normal persons. Incidental observations have also been made on

cases of syphilis, chorea, asthma, acromegaly, epilepsy, diabetes,

dementia precox, and hyperthyroidism and one or more "positive"

results have been obtained in each condition. In a series of 21

patients who were convalescent from acute infections 12, or 57 per

TABLE I

Case. Disease. Positive.

2 Pneumonia 2

3 Diphtheria 2

9 Acute rheumatic fever ... 4

1 Acute tonsillitis (tonsillectomy) 1

6 Scattered 3

cent., gave "positive" reactions—a figure in close agreement with

results obtained by F. M. Smith,^ who found that 50 per cent, of

50 cases following influenzal pneumonia reacted "positively."

Nicholson and Goetsch^ report 19 "positive" reactions among 40

cases of questionable or definite tuberculosis, a percentage inci-

dence of 47. One case observed at General Hospital No. 9 seems

particularly worth noting. A boj' with an organic heart lesion,

but otherwise normal, gave a "negative" test. A few days later

he had an attack of acute tonsillitis which was followed by a

tonsillectomy. A repetition of the test, after convalescence from

the operation, gave a "positive" result. This evidence certainly

suggests that infections may induce a hypersensitiveness of the

sympathetic nervous system, and there are, of course, various clini-

cal symptoms which are in harmony with such a conception. To

assume, however, that there is necessarily an associated hyper-

activity of the thyroid gland seems quite unwarranted, if only for

the reason that many of these postinfectious cases improve with

Negative.
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irniduated exercises, a type of treatment wholly unsuited to patients

with hyperthyroidism. It is true that in certain cases with hyper-

thyroidism the condition has apparently manifested itself after

some acute infectious disease, but the reverse is still more striking

Chart III

TIME TREMOR PULSATIONS SWEATING FLUSHING HANDS MISCELLANEOUS

10 15 -H- ++ -(+ + COOL ONLY FAIRLY QUIET- MOVES ARMS AND HEAD

10.25 -H- -H- -H- + • ..,. .. FEW MOVES

10.35 ++++++ -f ,,,,,,,, ,, ,,

10.40 BPINEPHRIN 0. 5CC 1 :1000 50LUT10IN INTRAMUSCULARLY

10.41 t++
10.14 -t-h

10.4S ++
10.57 ++
11.02 -H-

11.07 ++
11.14 ++
11.22 ++
11.28 ++
11.3« ++
11.44 4+
11.52 ++
12.02 ++
12.08 ++

-H-

PALE COOL

PALLOfl GONE

+
+
+
+
+
+
+
+
+
+
+

NO CHANGE

THINKS HER HEART IS BEATING FASTER

NOTICES NOTHING ELSE

FAIRLY QUIET

NO SIGN OF REACTION

TIME

120

SYS-. B. P.

110

PULSE

100

90

80

70

DIA5. B. P.

60

20

O O O O

10
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Special attention has been paid to the epinephrin test in hyper-

thyroidism. The diagnosis in the cases reported on was based on

the classical signs and symptoms and the history, together with

Chart IV.

TIME

3.15

3.20

3.23

3.25

3.30

3.32

3.35

3.40

3.45

3.50

4.00

4.05

4.15

4.25

4.45

4.55

TREMOR PULSATIONS SWEATING FLUSHING MISCELLANEOUS

++ ++ + ++ VERY RESTLESS- MOVING CONSTANTLY

++ ++ + ++ -.1. ,, .,

EPINEPHRIN O.bCC 1:1000 SOLUTION INTRAMUSCULARLY

++ + + SL. PALLOR RESTLESS AND MOVING

++ + ++ ++ RESTLESSNESS INCREASING

+++ ++ +-(-+ +-H- NERVOUS, EXCITED, THROBBING

+++ +++ +++ +++ NERVOUSNESS INCREASING. APPREHENSIVE

+++ I I I I +++ +4+ MARKED REACTION

-H-t- ++-(- +++ +++ SOMEV^HAT QUIETER

NERVOUSNESS DECREASING

STILL MORE RESTLESS THAN AT START

o o» »a t.- o S !S

IbUn m

—
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were obtained; 6 unquestionable cases, 4 in early stages and 2 in

later stages, with basal metabolism ranging between 21 and 35

TIME TREMOR PULSATIONS

9.50 + +
9.55 + +
10.03 EPINEPHRIN 0.5 CC

10.05 ++ -H-

10.07 +++ +++
10.10 +++ +-H-

10.15 -t-H- +++
10 20

10.25

10.30

10.35

10.10

10.15

10.50

10.55

11.00

11.05

11.15

11.25

11.35

Chart V.

SWEATING FLUSHING HANDS MISCELLANEOUS

— + WARM QUIET

+ .. ..

1:lOOO SOLUTION ir.TRAVUSCULARLY

— + V»A,?M QUIET

+ SL. SU PALLOR COOL RESTLESS AND NERVOUS

+ + •• MORE RESTLESS AND GENERALLY NERVOUS

+ + REACTION INCREASING

+ + ..

-H- -|- WARMER GENERALLY UNCOMFORTABLE

REACTION NOW MARKED PALPITATION, REST-
LESSNESS, VERY NERVOUS, FELLS QUEER
NUMEROUS EXTRA SYSTOLES

REACTION CONTINUES

BEGINNING TO FEEL BETTER QUIETER
HEART ACTION REGULAR FEELS-'FINE"

NOW FEELS COMFORTABLE

Oi^OioOiOOiftO
sjSi;rtw-irtS-.SrtrtS;5-Hn
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per cent, above normal, gave "negative" epinephrin reactions.

No relation was noted between the intensity of the reaction to

epinephrin and the apparent severity of the case. One patient

with a basal metabolism 61 per cent, above normal, was con-

sidered to be extremely toxic but gave a comparatively slight reac-

tion, while a mild case, with a basal metabolism 26 per cent, above

normal, gave a very severe reaction. Nine patients were tested on

whom thyroidectomies had been done two or three years previously

and who had been living normal lives without symptoms for a

year or more. Five of them gave "negative" reactions, while

4, in whom the basal metabolism was —18 per cent., —15 per

cent., —1 per cent, and +12 per cent., gave "positive" reactions.

The general conclusions which it seems justifiable to draw from

our observations are as follows:

1. Different individuals, both sick and well, react with different

degrees of intensity to the injection of epinephrin. By means of

selected dosage of the drug and carefully chosen criteria for the

response, one can differentiate, somewhat artificially, between the

slight reactions which are called "negative" and the more violent

reactions which are called "positive." In certain instances

"doubtful" or "questionable" reactions are obtained.

2. The fundamental nature of the reaction is unknown. It is

associated with a rise in heat production which runs more or less

parallel to the intensity of the reaction. On the basis of what is

definitely understood with regard to the physiological action of

epinephrin it seems probable that the phenomenon is due to a

stimulation of the sympathetic nervous system. Theoretically, a

"positive" reaction might indicate hyperactivity of the thyroid

glands, of the adrenal glands, or of the sympathetic nervous system.

It might, on the other hand, depend on a lowered threshold of

response of the sympathetic nervous system. With the exception

of hyperthyroidism, little is known about these conditions in man,

but they probably occur and there would seem to be no reason for

assuming that a "positive" epinephrin reaction is constantly asso-

ciated with hyperthyroidism. It is much more likely that different

causes account for the reaction in different types of clinical cases.
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3. Ilypersensitiveness to epinophrin is found in many patients

with the chnical picture of hy])ertiiyroi(lisni and with an increased

basal metabolism, but it is not constant under these conditions.

4. Hypersensitiveness to epinei)hrin is also found in persons who
have no indications of h^'perthyroidism. Thus it was present in

many psychoneurotics, in about 50 per cent, of patients convales-

cent from acute infections, in nearly the same proportion of soldiers

with "effort syndrome," in 14 per cent, of apparently normal young

men, and in patients with various unrelated diseases.

5. The "positive" reaction to epinephrin appears to occur most

often in highly nervous individuals but it is not constant in such

persons. The clinical significance of the reaction is not clear, but

at present it should certainly not be regarded as having any specific

significance in the diagnosis of hA.'perthjToidism.

DISCUSSION

Dr. M. H. Fussell, of Philadelphia, said that he was very pleased to

hear these observations on the soldier with effort syndrome. The so-called

Goetsch test had been \\'idely accepted as a positive indication of hyper-

thjToidism. The unreliabihty of such a conclusion was now shown. Dr.

Fussell said he had a patient who gave a very active reaction to the Goetsch

test, but the basal metabolism was not above normal. He had nervousness

and tachycardia, and he had asked to be operated upon, on the ground of a

positive Goetsch test.

Dr. L. G. Rowntree, of Rochester, asked if these hyperthyroid cases

were of the Graves' tj-pe, or were they toxic adenomata? Was there any

difference between the toxic type and the exophthalmic type?

Dr. F. W. Peabody, of Boston, replying to Dr. Rowntree, said that only

two of the cases were adenomata. He was glad to hear that the clinical

experience of others agreed with theirs. He had begun to feel that placing

reliance on the test was pretty dangerous.
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ACUTE INFECTIOUS MYOCLONUS MULTIPLEX AND
EPIDEMIC MYOCLONUS MULTIPLEX

(EPIDEMIC ENCEPHALITIS)!

By J. RAMSAY HUNT, M.D.
NEW YORK

As acute infectious myoclonus multiplex I would direct attention

to an unusual clinical type of acute infection of the nervous system

which may appear both in sporadic and in epidemic form. The

isolated or sporadic form is quite rare. Epidemic myoclonus

multiplex, on the other hand, has been of frequent occurrence

during the last winter and represents a special type of the epidemic

encephalitis.

Sympto:matology. The onset of the disease is acute and is

characterized by sharp shooting pains in the trunks and extremities,

at first local but rapidly becoming generalized. They may reach

an extreme degree of intensity. Spinal pains are sometimes present

but are not nearly so intense as in the more peripheral areas.

The pains are soon followed by the pathognomonic muscle jerks,

waves and twitchings (myoclonus and myok\Tnia multiplex) that

characterize the affection. The muscle contractions follow in the

wake of the pain and make their appearance in those parts where the

pains were first manifested. In some cases an interval of a week

may elapse before the appearance of myoclonus and myokymia.

The twitchings are bilateral and multiple, and may be generalized.

A tendency to localization in certain regions of the body may occur,

the muscles of the abdomen and lower extremities showing an especial

vulnerability. The contractions are of quick clonic character,

1 Preliminary report to the New York Neurological Society, March 2, 1920,

and the Association of American Physicians, May 4, 1920.
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involving individnal mnsdes or portions of muscles, but not synerji^ic

groups, so that the resulting locomotor ell'ect is comparatively slight.

In many of the cases there is well marked delirium, which varies

in duration and intensity with the severity of the infection. In

milder types there may be only irritability, restlessness and insomnia

associated with anxiety and apprehension. The myoclonus

delirium presents the characteristics of a toxic delirium, and is

characterized by hallucinations, illusions and transitory delusions.

There are restlessness, insomnia, apprehension, disconnected thought

and mental confusion. The symptoms are all more conspicuous

at night, and the delirium content frequently takes on an occupation

form. In the graver cases there is an attention disorder with symp-

toms of Korsakoff's syndrome. In the late stage there may be

apathy and a tendency to stupor.

During the course of the disease there is moderate fever, accelera-

tion of the pulse, and often hyperhidrosis. The degree of sweating

seems to bear a relation to the acti\'ity of the muscular phenomena.

There is no tenderness of the nerve trunks, but during the painful

stage there is general sensitiveness to movement and surface impres-

sions (hyperesthesia). The myotatic irritability of the affected

muscles may be increased, and there is sometimes an exaggeration

of the normal idiomuscular response (myoidema).

There is no paralysis or paresis of any muscle or group of muscles.

The sensory disturbances are chiefly irritative in character, consist-

ing of pain, hyperesthesia and occasional paresthesias in the distal

parts of the extremities. There is no anesthesia in the usual sense,

and only rarely a diminished sensibility to pain during the acute

stage of the disease. There is no ataxia and no loss of the deep

sensibility. The tendon reflexes are usually present and active.

Occasionally, in the late stages the Achilles-jerks and the knee-jerks

are diminished or not elicitable.

There are no other evidences of organic disease of the nervous

system, and the clinical picture is characterized by myoclonus and

myokymia multiplex, lancinating pains and delirium. The mode of

onset and course of the disease are suggestive of an infectious process

with limited, selective involvement of the central nervous system.

The relationship of the epidemic form of myoclonus multiplex to
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epidemic encephalitis is shown not only by its prevalence at the

same time, but also by various combination forms (cranial nerve

palsies and myoclonus) which have been encountered. And there is

little doubt that all of these various types are related to the same

etiologic factor; whether this be true of the sporadic t\'pe of myo-

clonus multiplex is, I believe, still an open question.

Paramyoclonus Multiplex and Myokymia. The peculiar

nature of the motor disorder w^hich these cases present is well

recognized in neurologic literature, and is described under such

headings as paramyoclonus multiplex,^ myokj-mia^ and myoclonus

fibrillaris multiplex.' They are all to be regarded as representing

varying degrees of a fundamental type of motor disorder, referable

to the lower motor neurons.

A variety of etiologic factors have been recognized. Among these

may be mentioned shock, exhaustion, exposure to cold, diabetes,

lead poisoning, trauma and alcoholism, My6k,Mnia has also been

recorded as a late sequela of sciatica and poliomyelitis. Similar

muscular phenomena have also been observed in the course of

certain infectious diseases,'' as diphtheria, malaria and acute articular

rheumatism.

Paramyoclonus multiplex and myokymia are not to be confused

with myoclonia of the cortical type. Cortical myoclonia is a motor

disorder which affects synergic groups of muscles and produces con-

siderable locomotor effect. It resembles much more in the character

of movements produced, the chorea or tic convulsif, and is readily

differentiated from myoclonus of the spinal type. This is charac-

terized by involvement of individual mucles or portions of muscles

which, as such, are not voluntary control.

Myoclonus multiplex, myokymia and muscle fibrillation are

therefore referable to the spinal level of the central nervous system

and are to* be sharply distinguished from myoclonic manifestations

of cerebral origin.

1 Friedreich: Paramyoclonus Multiplex, Virchows Arch. f. path. Anat., 1881,

Ixxxvi, 421.
- Schultze, F. : Beitrage zur Muskelpathologie (Myokymia), Zt.schr. f. Nervenh.,

1894, vi, 65, 167.

^ Kny: L'eber ein dem Paramyoclonus multiplex (Friedreich) nahestehendes
Krankheitsbild, Arch. f. Psychiat., 1888, ix, 577.

* Cited by Eichhorst: Spezielle Pathologie und Therapie, 1907, iii, 553.
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Pathology has thrown very little light on the localization and

nature of these motor disorders. They are evidently irritative

manifestations resulting from direct or reflex excitation of the

peripheral motor neurons, the exact seat of which cannot be deter-

mined with any degree of certainty in the present state of our

knowledge.

The nervous system of Friedreich's original case of paramyo-

clonus multiplex was subjected to careful pathologic study by

Schultze^ with quite negative results. Some years later I" had an

opportunity of studying the nervous system of paramyoclonus

multiplex (Friedreich's type) by modern histologic methods. No
lesions of the nervous system were found that explained the peculiar

motor phenomena of this disease. There was, however, some

hypertrophy of the muscle fibers which was regarded as an effect

and not a cause of the disease.

AYhen one considers the frequency of meningeal, radicular,

ganglionic and other forms of spinal and peripheral nerve irritation,

in which there are no evidences of myoclonus or myokymia, it would

appear hazardous at the present- time to attempt a more definite

localization of the disorder than as irritative manifestations refer-

able to the spinal level of motility.

Nine cases of infectious myoclonus multiplex have come under

my observation during the last sixteen years, two sporadic cases,

one in 1904, and another in 1914. The remainder were of the

epidemic t\'pe and occurred during the recent epidemic of lethargic

encephalitis.

Report of Cases

The Sporadic Type

Case 1.

—

History. In 1904, while engaged in the pathologic study of a

case of paramyoclonus multiplex, I saw in Bellevue Hospital, through the

courtesy of Dr. C. L. Dana, this unusual case. It was that of a young

man who had been admitted to the ward in delirium and who presented

generalized twitchings and quiverings of the skeletal muscles. These had

been preceded by pain. The muscular contractions were similar to those

1 Ueber den Paramvocloiius multiplex (Friedreich), Neurol. Centralbl., 1886, xvi,

363.

- Hunt, J. R. : A Contribution to the Pathology of Paramyoclonus Multiplex
(Friedreich Type), Jour. Nerv. and Ment. Dis., 1903, xxx, 408.
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described in cases of paramyoclonus multiplex and myokymia, and were

characterized by clonic contractions, muscle waves and fibrillations, produc-

ing but slight locomotor effect and not involving synergic groups. They
continued during the entire course of the disease, which terminated fatally

about a month after admission.

Course. During this period there was moderate fever, which rose in the

later period of the disease. There were no evidences of organic disease of

the nervous system other than the myoclonusmyokymia multiplex and the

delirium. The reflexes were normal; there were no paralyses and, so far

as could be determined, no anesthesias. The delirium was quite active at

first, requiring restraint and later passing into stupor. No definite history

of the mode of onset could be obtained, excepting that it was acute, and

accompanied by pain. The symptoms appeared only shortly before admis-

sion, and careful clinical and laboratory examinations at the time failed to

throw any light on the nature or origin of the delirium and the myoclonus.

Histologic Examination. After death a necropsy was performed, and this

failed to show any gross lesions of the visceral or nervous system, other than

those secondary to an acute infection. The case caused considerable

interest and comment at the time, but was finally disposed of as myokymia
occurring in the course of an obscure infection. Through the courtesy

of Dr. Dana, the nervous system and some of the muscle tissue were placed

at my disposal for microscopic study.. Histologic examinations were made
of portions of the cerebral cortex, of the brain stem, the spinal cord and

peripheral nerves and muscles, and no lesions were found other than the

acute cellular changes characteristic of infection. It was especially note-

worthy that the anterior horn cells were in a very good state of preservation

;

only an occasional cell showed chromatolysis and eccentric position of the

nucleus. There were no hemorrhagic or inflammatory foci and no menin-

geal reaction. The peripheral nerves and muscles revealed no special

evidence of disease, and no pathologic lesions were found which would

explain the existence of the curious motor disturbance, which at the time

(sixteen years ago) was regarded as a toxic, irritative manifestation of the

lower motor neurons.

A number of years later, in 1914, I saw at the Neurological

Institute with Dr. Pearce Bailey another case of similar nature.

I am indebted to Dr. Bailey for the privilege of reporting this case.

Case 2.

—

History. A salesman, aged thirty-seven years, married, and of

Irish extraction, was admitted to the Neurological Institute, April li, 1914,

with generalized muscular twitchings, which were diagnosed as para-

myoclonus multiplex. The affection began six weeks previously, with very

severe pains in the back and legs, following a severe exposure in a snow
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storm. The pains were so severe that it was difficult for him to find rehef

in any position. They lasted several days, and then gradually subsided,

leaving in their wake curious twitchings and spasmodic contractions of the

muscles and a feeling of general weakness. At the time of onset the family

physician reported a moderate elevation of temperature (about 100° F.),

rapid pulse (120) and a tendency to delirium at night.

The man's previous history was negative, save for pneumonia at the age

of 15, and typhoid fever at 22; venereal disease was denied. There was no

historj^ of trauma, mental or physical. The patient had been quite moder-

ate in the use of tobacco and of alcohol. There w-as no history of any

alcoholic excesses.

Examination. On admission, there was a state of general muscular

weakness, but no actual paralysis of any group of muscles. The gait and

station were rendered slightlj- uncertain by the muscle jerks and quiverings,

but there was no actual ataxia, either static or locomotor. There was a

tremor of the hands and the fingers, and clonic contractions and quiverings

of the muscles of the forearm. There was no ataxia of the upper extremities.

In both lower extremities, but especially in the muscles of the calf, there

was a constant flow of fine and coarse muscular movements. These were

wavelike in character, and were plainly visible, involving not only the finer

fiber bundles (fibrillation) but also the larger groupings so that fascicular

contractions were produced (myokj-mia) ; at times the whole muscle was

involved in the contraction (myoclonus)

.

As a result of these movements the feet and legs were in a state of slight

constant unrest, as the muscle twitchings were sufficiently forcible to flex

and extend the toes, and produce other slight movements of the foot.. While

these movements were most pronounced in the calf muscles, they were

nevertheless present in the muscles of the sole of the foot, and to a lesser

degree in the C}uadriceps, the hamstring muscles and the glutei. The

muscles of the back and shoulder girdle showed occasional rapid contractions

beneath the skin. At times these contractions followed one another in

rapid succession with as great an activity as in the lower extremities. Simi-

lar movements were also to be seen in the deltoids, and in slighter degree

in the pectoral muscles. The muscles of the arm and hand were only slightly

affected. In the recumbent posture the abdominal muscles were the seat

of spasmodic and wavelike contractions, similar to those noted in the lower

extremities.

The crariial nerves were nonnal. Articulation at times appeared to be

slightly affected, although no definite signs of muscle twitching were visiljle

in the face or tongue. The tendon reflexes were elicitable, and equal on

both side. The knee-jerks and Achilles-jerks w^ere normal, as were the

triceps, biceps and supinator jerks of the upper extremities. The abdominal

and cremasteric reflexes were present, but diminished. The plantar reflex
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was of the flexor type. There was no Babinski reflex. When the skin was

stroked there was developed a distinct tendency to dermographia. There

was also a marked hyperhidrosis, which continued during the entire course

of the disease. All sensation, both general and special, was normal.

Ophthalmologic examination, by Dr. Ward Holden, was negative. The
vision was 20/20 in each eye. Pupils were equal, and responded normallj'

to light and accommodation. There were no fundus changes. The heart

and lungs were normal.

April 16, blood count revealed: red cells 4,912,000; hemoglobin, 91 per

cent.; white blood corpuscles, 19,200; differential count: neutrophils, 60

per cent.; small lymphocytes, 28 per cent.; transitionals, 1 per cent.; large

lymphocytes, 10 per cent. ; eosinophils, 1 per cent. The Wassennann test

of the blood was negative.

April 21, the Wassermann test of the spinal fluid was negative; globulin

content, negative; 6 cells per cubic millimeter; Fehling's reduction, positive;

blood culture, negative.

April 14, the specific gravity of the urine was 1.026. It was acid. Xo
albumin, sugar, excess of indican, casts or blood was noted.

Examination of the feces was negative.

Suhseqxient Course. The patient remained in the hospital from April 14

to May 9, 1914. During this time there was no fever; the pulse was rapid,

and ranged from 115 to 120. The systolic blood-pressure curve ranged from

160 to 180. Respirations ranged from 20 to 30 to the minute.

During the entire period of observation in the hospital and up to the time

of the patient's discharge, there was a distinct tendency to delirium. He
was restless and nervous, continually getting out of bed, and showing

evidences of apprehension at night. It was difficult to restrain him. At

times he was noisy and would shout ; he would hold imaginary conversations

with people, talked to himself, and thought that people were in the room

with him. During the day he was quieter and much more manageable,

but at night the delirium would come on, and he would become restless,

excited, see faces and imaginary people in the room, and would hold imagin-

ary conversations during the greater part of the night. At such times

he perspired very freely. One night he had a sense of pressure and of a

heavy weight on his chest and thought that some one was throwing some-

thing down on him. During this period there was constant insomnia, and

he was confused and talked irrationally. On other occasions he would

become rather troublesome and threatening with the nurses so that restraint

was necessary. Once he thought he had spikes in his head and tried to pull

them out. In the morning these s>Tnptoms would usually clear up and he

was much brighter. On another occasion he said he must have his clothes:

that he was going to Chicago on the first express train to transact important

business. He spoke of having some kind of a bug in his head, but could
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not think of the correct name of it. He said they would go around in circles,

and stretched a piece of rubber until it snapped. He said he knew of a man
in Chicago who had invented a macliine for killing these bugs—that the bugs

would put their heads in the hole of the trap, and immediately their heads

would be burned off. This condition of nocturnal delirium and slight

mental confusion continued during the entire period that he was in the

hospital. He was a restless and rather trouljlesome patient and difficult

to manage. He was discharged, May 24, slightly improved. The mental

condition was better, and the muscular movements had diminished in

frequency and intensity.

Subsequently his family physician reported that five months after his

discharge he returned to work, having gained 40 pounds in weight, and has

since enjoyed his usual health.

Reexamination, May 19, 1916, revealed fibrillary twitcliings in the legs;

otherwise the neurologic examination was negative. His mental condition

was entirely normal, and for a year and a half he has held a position of

manager and buj'er for a large department store.

Epidemic Type

Case 3.

—

History. In January of the present year I saw, in consultation

with Dr. ^lartin Burke, a man, aged fifty years, married, the father of four

children. He was a merchant and had led a rather sedentary life. In

recent years he had put on considerable weight. There was no history of

syphilis. Formerly he had been rather free in the use of alcohol, but of

late years he had been quite moderate in this respect.

There was no history of trauma, mental or physical. The disease from

which he suffered was of acute onset and was ushered in by excruciating

pains in the extremities, beginning in the arms and graduallj' extending to

the trunk and legs. These pains were sharp and shooting in character,

requiring analgesics for their relief. They continued with uninterrupted

severity for fully a week. On the third day, curious muscle jerks and

t\Antchings made their appearance in the arms and legs, and later in the

trunk and abdominal muscles. At first they were quite active in the upper

extremities, so that finer voluntary movements were interfered with. On
standing and walking, while there was no true ataxia, a slight disturbance

of the harmony of movement was manifest, owing to the effect on the

extremities of the constant muscle waves and twitchings. There was slight

fever from the very beginning, which continued throughout the course of

the affection, ranging from 100° to 102° F. The pulse was accelerated, and

varied from 100 to 110 beats a minute. Even during the first week a ten^

dency to nocturnal delirium was noted. The patient thought that strange

persons were in the room, and became anxious and apprehensive; at other

times, he imagined that he was in the country and wanted to get up and go

Am Phys 9
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out for the cows. At first the delirium was only at night, but subsequently

evidences of mental confusion were present also during the daj', with

memory falsifications and hallucinations. He frequently talked as if he

had been out of the house a short time before, described what he had seen

at the moving picture show, whom he met on the street, and the conversa-

tions that he had. Occasionally, he thought he was on the sea, and that

his bedroom was a cabin on a ship. He was in a depressed mood much of

the time. At other periods he was rather excited and talkative. Later

the mental confusion took on the aspect of a mild form of Korsakoff's

syndrome, which persisted up to the time of his death.

Examination. January 22, 1920, the patient was large and obese, with

a heavy, prominent abdomen. The face was flushed and the eyes bright.

He was quite responsive and answered correctly questions as to hiss\Tnptoms

and mode of onset. The gait and station showed no Romberg symptom
and no ataxia, but yet were slightly altered by the incessant spontaneous

muscle spasms and twitchings. The articulation also presented at times a

verj' slight disturbance, which was to be ascribed to the occasional muscle

waves in the musculature of the face and tongue. When the patient was
stripped and in a recumbent posture, the muscles of the trunk, abdomen and

legs were observed to be in a very active state of mj'oclonus and myokymia.

This condition had been present in the upper extremities, but had subsided

and was not present at this examination. An occasional fibrillary twitching

or wave was to be noted in the facial musculature and was also present

in the tongue muscle, which may account for the very slight dysarthrie

disturbance that was noted. Coarse muscle waves and fibrillary twitchings

were present in all the muscles of the lower extremities, especially on the

posterior aspect, in the glutei, hamstring, and calf muscles. At times these

movements were so strong as to produce a slight but distinct locomotor

effect of the extremity; but as a rule these sudden brief contractions* of

portions of the muscle mass were not strong or pronounced enough to pro-

duce movement or changes in the posture of the extremity. Percussion

of the muscles revealed an increased myotatic irritability and a marked

accentuation of the idiomuscular response. The most unusual muscular

phenomena, however, was to be noted in the abdomen. The prominent

abdomen was tossed about in a most bizarre and unusual manner by coarse

muscle waves and contractions. I have rarely observed a more striking

symptom than that of the abdomen being rocked and contorted by these

innumerable waves of muscle contractions. There was no paralysis of any

muscle group, but a state of general muscular weakness was present. There

was no singultus.

Sensation was nomial, and there were no paresthesias, although numbness

and tingling were present at the onset of the disease. The pupils were

equal, and reacted promptly to light and acconmiodation. There was no
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nyst;ij2;imis, ami the fundus (K'uH was normal. The cranial nerves were

normal.

All of the tendon reflexes of the upper extremities were elicitable and

active (the supinator, biceps and triceps jerks). Tiie knee-jerks and

Achilles-jerks were also present and e(iual.

The plantar reflex was normal (no Babinski response). The abdominal

reflexes were elicitable and were quite exaggerated. The heart was enlarged

and the heart sounds were rather feeble. There were no murmurs. The
pulse-rate was 100 l)eats to the minute. The systolic blood-pressure was

170. The lungs were normal. The urine showed a trace of albumin and

a few hyaline casts. There was no sugar. The phenolsulphonephthalein

tests disclosed a renal functional activity of 60 per cent.

Subsequent Course. February 3, 1920, the patient's condition was

decidedly worse. The temperature ranged from 102° to 103° F.; the pulse

was more rapid, the breathing, hurried. The lungs were free from rales,

and the heart sountls were weaker. The mental condition was worse.

There was nocturnal delirium, with Korsakoff's syndrome. The patient

imagined that he went out and had been to the movies earlier in the day;

he talked as if he had met me a few hours before, and that he was going out

again shortly. He related constantly imaginary events of this kind, with

occasional hallucinations, and at times saw strange faces and imaginarj^

people. In other respeoits he was fairly clear, knew those about him, and

knew that he was in his own house; but there also was a tendency for him

to become somewhat confused and disconnected in his ideas. The pains

had ceased entirely and required no special medication. Muscle twitchings

and contractions still persisted and were somewhat less active. The

abdominal musculature appeared to be the storm center of the contractions

at that time, and gave the patient the greatest discomfort. The hand

placed over the calf muscles, however, revealed a sense of undulation which

was scarcely visible to the naked eye and was evidently dependent on deep-

seated muscle waves and twitchings that were not registered on the surface.

The abdominal reflexes were still quite active and showed a hyper-

excitability of the reflex response. The knee-jerks were diflftcult to elicit,

and were diminished. The Achilles-jerks were not obtained. The plantar

reflexes were normal.

The patient continued in this condition, gradually growing worse, both

mentally and physically. Fever ranged from 102° to 103° F. The delirium

and myoclonus multiplex continued up to the last. The heart action

gradually failed and the patient succumbed five days later, about four weeks

from the time of the onset of the disease.

Case 4.

—

History. A man aged thirty-eight years, a clerk, who came

under my observation in January, 1920, whose previous history was negative.
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had been a resident of New York for some j^ears. The onset of the disease

was sudden, and was ushered in by very severe shooting pains in the feet

and legs. These were most distressing in their severity, and continued for

about four or five days. After this they diminished somewhat in the lower

extremities, but appeared in the hands and arms. He stated that during

the first few days the feet and legs were numb from the knees down, but this

passed away with the pains and did not return. The pains were described

as sharp and biting in character, both in the lower and in the upper extremi-

ties. The muscular twitchings were not observed until the sixth day of the

disease, when they made their appearance in the lower extremities. They
appeared only after the pains had diminished in intensitj^ and were subsiding.

Later the muscular twitchings extended to the muscles of the trunk and

were especially severe in the region of the abdomen, the muscle walls of

the abdomen being the seat of muscular waves and contractions which,

although not painful, caused the patient considerable discomfort and

uneasiness. The arms were also affected with the muscular twitcliings,

but in a lesser degree. From the first and during the first two weeks of the

disease there was a moderate fever, the temperature not rising above 100°

to 101° F. The pulse was somewhat exaggerated, and ranged from '85 to

100. At times during this period there was nocturnal delirium. This was

not very severe, but it was stated that the patient would carry on imaginary

conversations, and would see strange faces and menacing figures in the

room, and was at times apprehensive, restless and excited, attempting to

get out of bed and go out in the hall. During the day he w^as comparatively''

free from these exciting episodes, but was somewhat confused and at times

w^as irrational and disconnected in his speech, relating imaginary happen-

ings and adventures.

Examination . There was a condition of generalized myoclonus multiplex,

affecting the legs and muscles of the back and abdomen and the upper

extremities. There was a slight tremor of the outstretched hands, and on

standing and walking a very slight uncertainty was produced by muscular

waves and twitchings. The twitchings varied in character and degree in

different muscles. There were fibrillations, muscle waves, and even contrac-

tions of the entire muscles, although the fibrillary and wavelike movements

predominated, and it was only occasionally that the entire muscle was

observed in momentary contraction. There w-as but little motor effect

produced on the extremities, and the muscle disturbance was of such

character as to expend itself in partial muscular contraction without much
locomotor effect. The contractile manifestations w-ere generalized, and

bore no especial relation to individual muscles or to their synergic activities.

They were most marked in the muscles of the calf and posterior aspects

of the thigh. If the hand was placed on the calf muscles or the abdominal

wall, there was distinct sensation of wavelike movements and undulations.
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which was very characteristic. There was no paralysis of any muscles or

muscle group, although a state of general muscular weakness was complained

of. The muscle and nerve trunks were sensitive during the first week of

the disease, and then subsided with the pain, and after this there was no

demonstrable tenderness of ner\'e trunks or muscle tissues. In the early

period of the disease there was a marked tendency to sweating, which was

still present, but in a lesser degree. On direct percussion of the muscles

the nn'otatic irritation was found to be increased and the idiomuscular

response was \-ery pronounced, a large welt developing at the side of the

percussion which gradually subsided.

The pupils were equal and responded to light and accommodation. The

cranial nerves w^ere normal. The fundus oculi was nonnal. No myokymic

t\vitchings were noted in the face or tongue. The arm-jerks were present

(superinator, biceps and triceps), and were equal on the tw'O sides. The knee-

jerks were present and equal. The Achilles-jerks were not elicitable. The

plantar reflexes were normal. The abdominal and cremasteric responses

were present, with some exaggeration of the abdominal reflex. Pain

sensibility of the leg, below the knee, w'as somew'hat blunted ; otherwise the

sensibility, both superficial and deep, w^as normal. The heart, lungs and

urine were negative.

Case 5.

—

History. A single man, aged twenty-five years, a conductor,

suffered from sharp shooting pains in the back and legs which began sud-

denly. They appeared at first on one side, but a day or two later on the

opposite side. These w'ere very severe and caused acute suffering, especially

at night. They gradually extended to the trunk and arms, and at the end

of a week began to subside. The characteristic muscle twitchings were

noted during the end of the first week in the legs, trunks, abdomen and arms

in the order mentioned, and appeared to follow in the wake of the pains.

The abdominal muscles were especially affected by the spasmodic and undu-

lating, wavelike movements.

There was moderate fever and an acceleration of the pulse, with some

tendency to excessive sweating. During the first week of the disease the

patient was delirious at night, his thoughts wandered, and he saw strange

faces and strange people in the room and talked disconnectedly. At these

times he talked as if pursuing his ordinary occupation, calling out the names

of his fellow-workers and giving orders. These dehrious manifestations

subsided at the end of the second w'eek and did not recur.

Examination. The patient was well developed and in good general

health. The gait and station were normal, with no weakness or paralysis

in the extremities or of any muscle group. He complained, however, of

general muscular weakness and of being easily fatigued. There was no

tenderness of the nerve trunks or of the muscles. The tendon reflexes of
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both upper and lower extremities were elicitable and were equal on the two

sides. Percussion of the muscles revealed marked myotatic irritability

and a well-marked idiomuscular response. All qualities of sensation were

normal. The cranial nerves were normal. The pupils reacted normally,

and the fundi oculi were normal. The heart and lungs were negative.

The urine was nonnal. The Wassermann test of the blood was normal.

Cases 6-9 (abstract of case reports).—In February and March, 1920,

four case of the epidemic tj^pe were seen, in consultation with Dr. Lewis

A. Conner and Dr. William R. Wilhams, in the medical wards of the New
York Hospital. These cases presented the same symptoms but in some-

what milder form than those which have just been described. All were in

young adults, three of whom w^ere men and one was a woman. The onset

was acute, and accompanied by sharp shooting pains in the extremities

and trunk which continued from four to five weeks. In all four the myo-

clonus and myokjTiiia multiplex were limited to the muscles of the trunk

and especially the abdominal musculature. It was also present in the

mui=cles of the lumbodorsal region.

There was no well-defined delirium in any of these cases. In all, however,

there w^as present insomnia, great restlessness, apprehension and irritability.

There was no tenderness of the ners^e trunks and no anesthesias. There

were no evidences of weakness or of paralysis in any cranial or spinal

distribution.

The knee-jerks were present, and the Achilles-jerks were elicitable in all

save one. In this group of cases the pains were more persistent and severe

and the muscular jerks and twdtchings milder than in those observed in

the earlier period of the epidemic. Blood culture w^as taken in two cases

and found negative. There was no leukocj-tosis. The spinal fluid showed

no abnomialities in three cases; in one there was a slight increase of lympho-

cyte (30) cells. All the patients eventually recovered.

CoM]MENT.i The cases just described present a striking similarity

in the clinical picture, varying only in degree and in severity. The

special and distinguishing symptoms are the muscle waves and

twitchings, and the shooting pains. Often there is delirium. This

was a marked feature of all the cases, except those appearing in

the later period of the epidemic when a mild and comparatively

localized type of myoclonus multiplex made its appearance.

• Cases of the epidemic type have been observed by Boveri, P.: British Med.

Jour., April 24, 1920, i, 570. Pardee, I. H.: Arch. Neurol, and Psychiat., July.

1920, iv, 24, and later reports will no doubt show the comparative frequency of this

clinical type. So far as I am aware, examples of the sporadic form have not been

p^e^^ously recorded.
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The myoclonus and myokymia multiplex, however, are alone

characteristic, as pain and delirium may occur in the course of other

acute infections.

The disease begins abruptly, with shooting pains, which increase

in intensity and rapidly become generalized. These may begin in

either the upper or lower extremities. In the cases that I observed

they were limited to the trunk and extremities and were not mani-

fested in the sensory distribution of the cranial nerves. In all of

the cases they were exceedingly sharp and caused acute suffering.

Rarely were paresthesias noted, with occasional blunting of pain

sensibility. The muscle jerks and twitchings followed either

immediately in the wake of the pains or more commonly after an

interval of a few days. Usually they continued long after all pain

had disappeared. All degrees of muscle contractions were present,

namely, fibrillation (myoclonus multiplex fibrillaris) muscle wave

(myokymia) and contractions of the whole body of the nluscle

(myoclonus) . The surface of the body reflected a variety of muscle

contraction with only slight, if any, locomotor effect on the extremi-

ties. When the myoclonus was of a more severe type, the gait and

station and ^'oluntary movements of the arms were slightly dis-

turbed by the play and undulation of the muscles.

In the sporadic cases, the muscle waves and twitchings were

generalized, and this w^as also true of the earlier cases of epidemic

type which came under my observation. Later, when the epidemic

was on the wane, a milder type was encountered, without active

delirium, and muscle twitching was limited to the lower half of the

trunk muscles. In this group of cases, pain was quite severe and

very persistent. No other evidences of organic disease of the

central nervous system were demonstrable. One of the symptoms

was the severity of the in\'olvement of the muscles of the abdomen

in all of the cases. This is rather significant, as I have not observed

it in anything like the same degree in myoclonus and myokymia

multiplex from other causes. Singultus was not observed in any case.

Differential Diagnosis.—The nature of the disease becomes

clear as soon as the characteristic muscle jerks and twitchings

make their appearance. Before this it would be difficult to exclude

any acute disease beginning with sharp pains, and presenting the

other evidences of a general infection.
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Multiple neuritis with delirium may be excluded by the absence

of motor or sensory paralysis and of tenderness.

Acute poliomyelitis may also be excluded by the absence of

paralyses and consecutive muscular atrophy. Dubini's disease,

an obscure affection of the nervous system, which is epidemic in

certain parts of Italy, notably Lombardy, may also be excluded.

This affection in its more acute form is characterized by headache

and backache, and is followed by myoclonic contractions of cerebral

origin; hence the term chorea electrica; also convulsive attacks

resembling Jacksonian epilepsy. Later there is paralysis of certain

muscle groups which had been the seat of myoclonus, with wasting

and changes in the electrical reaction. It is an obscure form of

encephalomyelitis which may occur in acute and chronic forms.

The sensorium is, as a rule, free. So far as I know, the disease has

not been observed in this country.

The affection might present a marked resemblance to the infec-

tious chorea with mental symptoms (chorea insaniens). The nature

of the motor disorder is, however, quite different. In chorea, there

are purposeless, incoordinate movements, with marked and charac-

teristic motor effects in contrast to the muscle jerks and twitchings

of the myoclonus-myokymia type, which are not under synergic

control, and which are indicated by waves and undulations rather

than by movements of the part. In both diseases, infectious chorea

and infectious myoclonus, the mental disturbances are those of toxic

delirium. In the more severe cases (chorea insaniens), the sympto-

matology is that of a grave toxic psychosis with chorea. A similar

termination may occur in the more severe forms of infectious

myoclonus and a myoclonus insaniens may result, in which a grave

toxic psychosis is associated with the motor manifestations of

myoclonus multiplex.

Epidemic encephalitis, or lethargic encephalitis, should be

especially considered in this relation, as it has reached epidemic

proportions at the present time and may occur in a variety of

clinical forms : cerebral , spinal and neural . What has been described

as epidemic myoclonus multiplex undoubtedly belongs to this group,

and represents a special "myoclonus-myokymia type" of this affec-

tion, a point of view which is strengthened by the coexistence of
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undoubted cases of epidemic encephalitis with myoclonus and

myokymia multiplex. The relation of the "sporadic type" to the

epidemic form is, I believe, still an open question and cannot be

settled until we know of the etiologic factors in\-olved.

Conclusion. The acute infectious myoclonus multiplex may,

therefore, be regarded as a definite clinical type of acute neural

infection

.

In its epidemic form, it is a part of the large clinical group that has

been so prevalent during the last two years in this country and in

Europe—the epidemic of lethargic encephalitis.

The relations of the sporadic to the epidemic type of infectious

myoclonus multiplex is still problematic, although it would appear

probable that they are of similar origin, and that the epidemic

encephalitis has been appearing for a considerable time unrecog-

nized, in certain sporadic forms. That the disorder is of infectious

origin and referable to a microorganism or its toxic product is made

clear by the mode of onset, course and general symptomatology.

As to special etiologic considerations, it would appear likely that

a special strain of the organism has acquired an affinity for certain

tissues of the nervous system, and in this way the peculiar and very

limited clinical reaction of infectious myoclonus multiplex has been

produced. Other factors of a more theoretical nature may also be

considered, as exhaustion or biologic inferiority of certain neural

systems which render them more susceptible to the deleterious

influences of disease.

To those who are interested in the theory of the elective localiza-

tion of bacteria, the organisms or virus obtained from cases of this

clinical type, with its peculiarly limited form of neural involvement,

would offer especial advantages for experimental study.



EVENTRATION OF THE DIAPHRAGM WITH REPORT
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Among the rare lesions of the diaphragm is the condition origi-

nally described by Petit in 1790 and termed by him eventration.

This term, though generally used, is a misnomer because no abnor-

mal opening of the diaphragm exists. Such an opening consti-

tutes a hernia diaphragmatica vera when the projecting abdominal

viscera are covered with peritoneum, or a hernia diaphragmatica

spuria when no peritoneal covering exists. In eventration there

is simply a thinning or relaxation of the diaphragm, the layers

remaining intact and the stmcture assuming an elevated or higher

position than normal. Isolated writers have preferred such terms

as these: "high position,'^ "elevation," "dilatation," "relaxation"

and "congenital insufficiency." Bayne-Jones, in 1916, collected

the reported cases to that time and reported one of his ow^n, making

45 in all. Since that time we have been able to find reports of 2

more. These cases with the one we report make a total of 48

cases on record at the present writing.

With regard to the etiology the weight of evidence would seem

to favor a congenital origin. Some of the arguments advanced

are: (1) Its occurrence in the fetus and the newborn; (2) its asso-

ciation with other congenital anomalies; (3) the involvement of

* From the Departments of Medicine and Roentgenology of the Jefferson Medical
College and Hospital. Presented in abstract before the Association of American
Physicians, Atlantic City, May 4, 1920.
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the left side in almost all cases—which coincides with the com-

plexity of the development of the left diaphragm; and (4) the

absence of compression of the lung and contiguous structures.

Considered as an acquired lesion it has been supposed to follow

ilisease of the muscle or of the nerves and as a result of greatly

increased abdominal pressure. Among the latter conditions

pregnancy, ascites, megalocolon are important in producing

increased pressure. However, as Bayne-Jones points out, "If

this factor of increased pressure in the abdomen bore an important

etiological relationship to eventration, the frequency of pregnancy

in general—and oftentimes in the same individual—should find

a counterpart in a large number of women suffering from eventration

of the diaphragm." As a matter of fact the lesion is uncommon
in women. Among 45 collected cases there were 36 males and 9

females.

The high position of the diaphragm due to the contraction of

pulmonary fibrosis and adhesive pleuritis is a different lesion from

that under consideration and will be discussed under diagnosis.

The clinical notes of our case are briefly as follows:

E. X., white, female, married, aged thirty-nine years, was admitted

to the Jefferson Hospital on December 4, 1919, complaining of pain in the

epigastrium and in the back with attacks of vomiting. Family history

negative. Past personal history negative except for the usual diseases of

childhood. She states that she has always been in good health until the

present trouble. No pregnancies.

History of Present Illness. In September, 1919, that is about three

months prior to coming under observation, she began to have pain in the

epigastrium and left lower chest associated with attacks of vomiting.

The pain radiated to the back. The pains have continued with varjdng

intensity until the present time. At times they seem to bear some rela-

tion to the taking of food but the relationship is not constant. Shortly

after the onset the patient noticed that she became easily short of breath

on exertion and was losing weight. The physician who saw her at the

beginning of her illness made a diagnosis of gastric neurosis and an x-ray

at that time aided in the elimination of gastric ulcer or cancer. Phj'sical

examination revealed the following: A fairly well nourished adult female,

no jaundice, eyes, mouth, ears and neck normal. Chest well formed and
sjinmetrical, expansion definitely limited on the left side, especially over
the lower portion. Apex beat not visible or palpaljle. Percussion revealed
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tympany below the third rib in the anterior axillary line merging with

the tjTnpany over stomach below. Posteriorly on the same side the per-

cussion note below middle of scapula was high pitched and resembled the

so-called flat tympany. The percussion note of the rest of the chest was

clear and resonant. Breath sounds were everj^where normal except over

the area of altered percussion note on the left lower chest where they were

practically absent. During the auscultation of this area a sound sug-

gesting a splash was heard when the patient was moved. No coin sound

could be elicited. The physical signs elicited suggested the possibility of

a hydropneumothorax and this was our provisional diagnosis when the

patient was admitted to the hospital. The blood examination revealed

the following: Hemoglobin, 88 per cent.; red blood cells, 4,700,000; white

blood cells, 9600; differential white cell count: large mononuclears, 8 per

cent.; small mononuclears, 19 per cent.; polynuclears, 69 per cent.; eosino-

phils, 4 per cent. The urine examinations were repeatedly negative. A
paracentesis of left chest in sixth interspace in midaxillary line was nega-

tive.

The fluoroscopic and stereoscopic .r-ray examination revealed the fol-

lowing: The left diaphragm was found considerably higher than the right

and does not move on forced inspiration. The dome shape is retained and

no adhesions are evident at the costophrenic angle. The diaphragm has the

appearance of an eventration, the cause of which is not apparent. There

is just a suggestion of a slight amount of infiltration at the left apex. The

barium meal in stomach shows the cardiac end of the stomach in its proper

relation to the left diaphragm, but because of the enormous distention

of the colon Avith gas we are unable to determine whether the stomach is

nonnal or not. We believe that the position of the diaphragm is not due

to the gas in the colon.

As we were preparing this paper for presentation before the

Association we came across another case of high position of the

diaphragm in a baby only a few days old who was referred for

.T-ray examination for a fractured arm. The left diaphragm was

at the level of the second interspace. The heart was not dis-

placed. There was no question of any abdominal trouble and

there were no symptoms of any kind suggesting either trouble

above or below the diaphragm. This case would seem to empha-

size the congenital origin.

Discussion. In the past most of the diagnoses were made at

postmortem or operation. The symptomatology and physical

examination suggested a variety of lesions. In one group the
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symptoms were referable to the chest and pneumothorax, pneumo-

hydrothorax. jnihnonary fibrosis, chronic adhesive pleuritis with

elevation of the diaphragm, etc., were diagnosed. In another

group gastro-intestinal sym])toms predominated and the patient

was considered as having a gastric lesion, a diaphragmatic hernia,

etc. With the advent of the .r-ray many of the difficulties in the

differential diagnosis of these lesions were cleared up. The case

of Sailer and Rhein' illustrates well this point. Their patient was

considered as having at various times either a pneumothorax, dia-

phragmatic hernia, pulmonary cavity or an elevated diaphragm.

The .r-ray was taken immediately after death and not developed

until after autopsy, but the study of the plates showed that the

diagnosis could have been readily made by this method.

The .r-ray made the diagnosis in our case. In a number of physi-

cal examinations made after the .r-ray had established the diagno-

sis I came to the conclusion that I would have been put on the right

track if I had paid more attention to the inspection and palpation

of the costal margin movements as pointed out in recent years

by Hoover. There was a distinct widening of the subcostal angle

on inspiration. The widening seemed to be due principally to a

divergence of the left costal border. Several physicians who saw

the patient with me at different times were able to verify this

observation. The high position of the diaphragm placed it at a

mechanical disadvantage in its function as an antagonist to the

intercostal muscles. Low position of the diaphragm occurs in

many of the conditions confused with eventration, such as pneu-

mothorax, hydropneumothorax, etc., and as a result of which

narrowing of the subcostal angle occurs. In certain forms of

obsolete pleurisy with adhesions to the diaphragm and the chest

wall and the diaphragm and lung there is likewise narrowing,

according to Hoover, because under these conditions it has acquired

a mechanical advantage in its traction to the costal border by

reason of the adhesions which, acting as points of fixation, give

approximately a straight line to the phrenic muscular strands

from the central tendon to the left sternocostal region.

1 American Journal of the Medical Sciences, 1905, cxxix, 688.
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Among the reported cases the left half of the diaphragm is

noted as being involved in all 46 instances excepting 3. The dome

is usually regular in outline in contradistinction to that which is

seen in the elevated diaphragm of adhesive pleuritis. As the

structure is thinned its outline on the fluoroscopic screen is less

distinct than the normal diaphragm shadow. The lung on the

affected side is often hypoplastic. The heart is oftentimes norm-

ally placed, although it may be found displaced in either direction

in involvement of the same half of the diaphragm.

One of the arguments adduced in favor of the congenital origin

of this lesion as against an acquired elevation due to the traction

of adhesions is the external symmetry which the chest presents on

inspection. This is in striking agreement with the observations

which Ellis^ noted in his report of a case of congenital absence of

the lung. This same writer collected 18 instances of what appeared

to be certain examples of the condition. In all of them the chest

was externally symmetrical, the opposite lung, heart, fluid or

abdominal organs taking the place of the missing organ. If this

is true in pulmonary aplasia it is likewise true in eventration with

pulmonary hypoplasia and is one of the strongest arguments against

an acquired origin of the disease. In acquired lesions elevating

the diaphragm to the extent seen in congenital eventration there is

obvious flattening of the chest wall. The lung is the seat of obvious

and demonstrable disease and the .r-ray shows many and dense

shadows. The lung above the diaphragm in eventration is normal

unless there be some intercurrent pulmonary disease, such as

pneumonia, which, however, has no etiological relationship to the

diaphragmatic condition. The inspection of the chest reveals

nothing of note as far as symmetry is concerned. In cases of

eventration associated with aplasia of the lung in the affected side

the opposite lung may be enlarged sufficiently to extend o\er and

furnish sufficient pulmonary tissue to give physical signs on the

side of the absent organ. Even in hypoplasia the opposite lung

may extend over to the hypoplastic side. Clinically it is not

possible to demonstrate such overlapping. E\'en with the .r-ray

» American Journal of the Medical Sciences, 1917, clvi, 33.
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consklerablo difficulty may be encountered unless the shadows of

the bronchial tree are clear and suggest a difl'erent distribution than

normal.

DISCUSSION

Dr. J. Ramsay Hunt, of New York, said that one should take into con-

sideration that these structural clianges were associated with striated muscle

fiber. The diaphragm was innervated by the sympathetic system. If the

nerve was cut, paralysis was produced but there was preservation of tonus;

if the splanchic were cut, tonus was lost but movement was preserved.

Dr. C. F. Hoover, Cleveland, Ohio, said that the observation of increased

movement of the costal margin on the affected side would be of service in

the differentiation between hernia and eventration. In hernia there was a

large portion of the stomach in the thorax and the movement of the costal

margin was not modified. One could stuff any quantit)^ of viscera in the

diaplu-agm but the movements of the costal margin were not changed.

There might be dulness in the left thorax due to the retraction of the lung.

In the other case there would not be elevation pitch of the percussion

sounds.

Dr. S. J. Meltzer, of New York, asked if the Litten phenomenon were

observed. That would give information as to where the diaphragm was.

Dr. Elmer H. Funk, of Philadelphia (closing), said that pathological

studies were made on 20 reported cases, but in none of these had any inten-

sive work been done on the innervation. He could pay a tribute to the

value of the work of Dr. Hoover on the diaphragm. He was impressed NNith

the necessity of investigating the movements of the costal margin. The

Litten phenomenon was absent in tliis patient.



EXPERIMENTAL STUDIES IN RADIOTHERAPY

By FRANCIS CARTER WOOD, M.D.
NEW YORK

The past five years have witnessed an extraordinary development

of interest in the results of the radiation treatment of malignant

tumors. The extravagant claims which were originally made for

radiimi are now being repeated for ar-ray, especially by the German

clinicians. Opposed to this optimism there is a widely expressed

doubt, chiefly on the part of the surgeons, as to the ultimate benefits

of radiation of malignant tumors. Unquestionably there is a middle

point upon which agreement will some day be reached, but it is

evident that the final decision on the claims of those who favor

radiation treatment must await the ultimate survey of the material

after the expiration of the time which is now required for surgical

reports of cures of malignant neoplasms. That is, at least five

years must elapse before there is any certainty that the tumor will

not return. Unfortunately both the surgeon and the radiothera-

peutist seem not to recognize the fact that recurrences may take

place even after a period of five years, though only in an exceedingly

small proportion of cases. The writer has seen recurrences follow

operations for carcinoma of the breast after periods ranging from

nine to thirteen years, and there are many similar instances in the

literature of the subject. Then, too, the radiotherapeutist must

publish not only his cures but also his failures, as the surgeon has

done, so that some comparison can be drawn as regards the relative

success of operative treatment and radiation. This but few have

been willing to do so far.

All these questions concern only tumors which have a tendencj^

to metastasize. It has long been recognized that some of the more
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benign tx'pes of epithelioma of the face yield to both .r-ray and

radium in approxnnately 90 per cent, of instances, unless the

tumor has involved bone or cartilage, in which case it becomes, as

is well known, much more resistant to any radiation. It is generally

held at tJie present time that these relatively benign tumors may be

properly treated with ar-ray or radium if they are not too extensive

and if it is understood that surgery will be promptly used when the

radiation effects are not fa^o^able. This is the type which the

dermatologist has in many instances cured with caustics, freezing

with carbon dioxide gas or other similar means. The caustics and

the freezing, however, are gradually being abandoned, since if the

timiors do recur the scarring is considerable and interferes with

other tA'pes of treatment. Radiation is much better.

It is therefore the malignant metastasizing tumors which are the

subject for immediate discussion, and of these only those which are

operable are regarded by the surgeon as promising. The inoperable

forms should, of course, be treated in any way which permits the

slightest hope of cure or even of palliation, and this is now generally

acknowledged by everyone to be the field for radiotherapeutics, the

question as to whether radium or .r-ray is the most efficient being

still the subject for much discussion. E\en the most enthusiastic

believers in radiation are now admitting, with some reluctance,

that it is often impossible to treat effectively certain types of

tumors; for example, osteosarcomata; chondrosarcomata, the

malignant form of chondroma; gliomata of the brain; mediastinal

and peritoneal carcinomata and some other malignant tumors of the

internal organs. On the other hand, lymphosarcoma is being

acknowledged at the present time to be out of the province of the

surgeon, as the tumor is almost always multiple and may diffusely

involve the lymphoid structures of the body, though effective

palliation is obtained by radiation. Carcinoma of the uterus also

is an especially favorable condition for radiation, as this tumor is so

often inoperable even when not very extensive and seems in many
instances to yield, with unusual rapidity, to moderate doses of

radiation. Even though recurrence takes place the patient's life

has probably been prolonged, and often in great comfort.

It has been not infrequently stated as an advantage of radiation

Am Phys 10
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methods in contrast to surgery that the process is "painless," that

"the agent destroys the disease at a greater distance than the knife

can reach," and that the remedy is attended "with no unpleasant

consequences." This is, however, far from true. The amount of

radiation required to affect a malignant tumor is so large that not

only the tumor tissue but also the surrounding healthy tissue is

frequently seriously damaged, and those who have had an oppor-

tunity to observe some of the numerous recto-vesical-xaginal

fistulae which have been produced by enthusiastic users of radium

would hardly judge from the patient's expressions on the subject

that the results were without inconvenience. Refuge cannot be

taken behind the fact that occasionally spontaneous fistulae occur

because of extension of the growth, since they are unquestionably

much more frequent following radiation. So, too, the dangers of

stimulation of tumor tissues at a distance, more and more acknowl-

edged by those who are using rays in treatment, are unquestionable

and the death of the patient may be accelerated when there is

extensive involvement at a distance from the point of application

of the radiation. Again, the large quantities of radiation which

must be employed in order to produce an effect on the tumor often

incite serious general reactions so that the patients frequently suffer

from nausea, headache and febrile phenomena extending over-

periods of a week or ten days following a single treatment; and the

more courageous of the radiologists are now acknowledging the fact

that occasionally the death of the patient follows a large dose of

either radium or .r-ray. This is, indeed, no criticism of the method,

for surgery itself acknowledges a large mortality, and that there

should be a radiation mortality is not astonishing considering the

amounts of energy which are set free in the body during the applica-

tion of massive doses of radium or .r-ray. It must be remembered

that cancer is a fatal disease and some risks may properly be

assumed in attempting a cure. The time is evidently coming when

the question will be one not of mortality or of discomfort but shnply

of whether surgery can relieve the condition as efficiently as radia-

tion. When that question is answered, and it may be in the next

ten years, a very interesting phase of medicine will have passed from

the realm of assumption to that of fact.
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There are many still unsettled problems concerning both methods

of radiation treatment. The questions of filtration, of dosage, of

wave length, of time factors are still in flux. It has ne^er been

shown, for exani})le, that the extremely short wave lengths which

are produced by radium or mesothorium are more efi'ective in killing

the cells of malignant tumors than are the longer wave lengths at

present produced by the commercial .r-ray ap])aratus. It is not

settled whether or not mesothorium is more or less effective than

radium, though the efforts of the ri\'al commercial producers of these

two agents to run down each other's products (appearing chiefly in

the daily press) are not without their humorous aspects, especially

as the fact seems to be generally forgotten that mesothorium, as

ordinarily produced, contains a considerable amount of radium,

often as much as 25 per cent.

The fact is not yet determined whether or not long wave lengths

or short wave lengths of the roentgen rays are the more effective

in destroying tissue. The physicist, even if he is biologically

trained, cannot see why the question is anything but a matter of

energy set free in the cells which it is desired to treat and that the

wave length factor is of importance solely from the point of view

of penetration, the short wave lengths penetrating the tissues more

effectively than the long. It has been argued as an analogy—and

analogies are always dangerous logically— that because the ultra-

violet rays from a mercury arc lamp will burn the skin in a few

minutes and the long heat waves from a steam radiator will not,

that therefore the short rays of radimn should be more effective than

the longer rays of the .r-ray tube. But the physicist immediately

recalls that the long heat waves and the longer light waves penetrate

the tissues without gi\ing up much of their energy, such penetration

being easily demonstrated by the possibility of obtaining the spec-

trum of sulphemoglobin in a patient's blood by holding his hand in

the beam of light from a powerful electric arc and examining through

the tissues with a spectroscope. EAidently such rays pass through

1 cm. of tissue without much loss. On the other hand, all the ultra-

violet light is absorbed in the first millimeter or so and therefore

gives up all of its energy in this region. It is commonly said, also,

that radium is much more effecti\e in the therapeusis of myelogenous
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leukemia than is a:-ray, but this is by no means certain. Most

of the .T-ray that has been used in the treatment of leukemia is that

produced by a tube running at a voltage of not over 85,000 volts

and filtered through 3 mm. of aluminum. Such rays fall to one-half

value in about 10 cm. of tissue. Beyond this point the quantity

introduced is so little that it may very well stimulate. If higher

filtration is used, such as 0.5 mm. of copper or zinc, 75 per cent, of

the rays penetrate 10 cm. and much better results are obtained,

especially if the tube is run at 100,000 volts, which brings out very

strongly the characteristic or fluorescent rays of the tungsten

anticathode. Under these conditions much more of the energy is

concentrated in the shorter wave lengths. For example, with 85

kilo^^olts and 3 mm. of aluminum the half-wave length in aluminum

is some 6 mm., while with the higher voltage and denser filter it is

about 21 mm. On the other hand, small quantities of radium, say

20 mgm., filtered through 2 mm. of lead, will cause a rise of leuko-

cytes if applied on a leukemic spleen even for a number of days,

stunulation being the result rather than destruction.

The same question applies to the treatment of tumors, and even

less is known of the effects, because there is no convenient index to

measure the results as there is in leukemia, in which a blood count

taken a few days after radiation gives a pretty good estimation of the

destructive action of the .T-rays.

Again, the measurements of dosage are extremely crude from a

physicist's point of view; the erythema dose as determined by the

patient's skin fluctuates with the filtration, probably exceeding 20

per cent. The pastilles and photographic paper ordinarily used for

determining the effects of rc-ray also give very inexact results, and

neither of these methods can be used with radium with any con-

venience; so the whole question needs thorough revision, with

accurate apparatus and the application of strictly controlled

experimental tests, using animal tumors as the material for applica-

tion of the ray.

Then, too, the term "milligram hours of radium" is as inaccurate

as the term "milliampere minutes of .r-ray." Unless the filtration

and distance are known no definite conclusions can be drawn.

Ultimately it will be necessary, as has been repeatedly suggested,
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to standardize tlie .r-rays in terms of radium constants, and the

only way in which this can be done is by the use of ionization

methods so fertilely applied to the investigation of the theoretical

side of both types of radiation.

Practical!}', of course, no one would ever use an .r-ray tube in

therapeutics if unlimited quantities of radium were available. The

latter has been aptly termed a pocket .r-ray tube. Its con\-enient

size, its portability and the constancy of its radiation factors make

it a substance especially useful in this form of therapeutics. But,

unfortunately, the quantity of radium is limited and probably always

will be. This means an enormous capital charge which makes the

cost of radium therapy high and places it quite beyond the use of a

large proportion of the population. When it is remembered that

each year 90,000 people in the United States die of cancer and that

the total available quantity of radium is probably not more than

200 grams, the small proportion of people that can be treated is

obvious. A'-ray is cheaper and the only question is whether or not

it is as effective. Theoretically it is perfectly possible to produce

a--rays of approximately the same wave length as radiiun, but the

diflficulties and dangers of handhng apparatus of the high voltages

required (some 300,000 volts) and the impossibility at the present

time of obtaining .r-ray tubes which will stand these voltages, have

so far kept back the replacement of radium by .r-ray. The future

development by electric engineers of apparatus and tubes may
obliterate the differences.

Tonight I want to show you some slides which illustrate certain

phases of the experimental approach to a solution of a few of these

problems. Some years ago Dr. Prime and I determined on mouse

tumors the lethal dose of radium, the amount and distance being

accurately measured and allowance being made for the fact that

radium as used is not a point source and is not therefore subject to

the usual rule of the in\erse square law. Some phases of this work

have since been extended by Bovie. This investigation showed that

very large quantities of radium are necessary to kill all the cells of

a malignant tumor. Unless all the cells of such a tumor can be

killed no permanent cure can be expected, only palliation. The

dose is so large that it is evident that the highly resistant tumors
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cannot be destroyed by any available quantity of radium, and this,

as has been stated above, is now acknowledged in the case of certain

types of sarcoma and is probably equally true of many forms of

internal carcinoma. Even if it were possible to destroy the cells

by suitable doses the body would not survive the radiation. To

produce the desired effect the exposure must be given in a single

dose, otherwise the amount must be increased, as during the period

elapsing between two successive doses the cells are enabled to

restore themselves to a certain extent by the washing out of the

toxic or destructive products produced in the tissues by the ioniza-

tion set up by the rays. We showed also that within certain limits

one-fourth of the dose given in four times the time was equally

effective. Here, again, the limitations of the procedure are rather

sharp. The amount of .r-ray required to destroy an internal tumor

with the present commercial machines may mean an exposure of

five or six hours. This is the limit of endurance of the human body,

though some of the German investigators report that they have been

able by the administration of morphin to keep patients fastened to

the .r-ray table and quiet for such a length of time. It is, however,

manifestly impossible to keep a patient under an a:-ray tube for

twenty-four hours. The rays must, therefore, be given at a certain

rate and must not fall below a limit which is fairly sharply fixed,

otherwise the cells will regenerate at the same rate as they are

damaged. This condition is demonstrable in leukemic patients

by the use of small doses of radimn as stated above. The question

of effectiveness of soft or hard rays, or, what is more accurate, of

rays of longer or shorter wave length, is not yet settled. The

difficulty lies in determining the effective energy of the rays. Such

determinations have to be made with an ionization chamber

which contains no metal and is made of horn, as has been suggested

by Kronig and Friedrich, or of celluloid with terminals made of

graphite. The most convenient way to do this is to dissolve cellu-

loid in a suitable sohent, mix it with graphite and pour sheets of the

mixture and allow them to dry. Such sheets have a relatively low

resistance and can be mounted in a celluloid cylinder and connected

with a sensitive D'Arsonval galvanometer. The air in the ioniza-

tion chamber must have the same relative absorption as the thick-
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ness of the tissue which is to be exposed; that is, if 1 mm. of tissue

is used the air column must be at least 800 mm. in length, as the

absorption of such a column of air is equivalent to that of 1 mm. of

tissues. Such a bulky ionization chamber cannot be used practically

but only to calibrate smaller ionization chambers, which can be

inserted under the patient or in the rectum or the vagina to measure

the actual quantity of .T-ray arriving at the point at which the

ionization cliamber is situated. Only in this way can we determine

in any satisfactory fashion the amount of .r-ray reaching the tumor

which is being treated. All other methods are utterly unscientific.

Xo one thinks of guessing at the amount of morphin which is to be

given hypodermically to a patient, nor should he guess at the

amount of .r-ray or radium to be applied. Until refined means of

measurement can be practically employed, and they are particularly

difficult with radium because of the small amount of energy which

that substance gives off, treatment by radiation will not be on a

scientific basis, and comparison between the two t^^pes of rays will

not be possible. Unfortunately no commercial apparatus which

permits such determinations is on the market. Our own experi-

ments on animal tumors seem to show that soft .r-rays are more

effecti\e than the harder rays produced by filtration through the

heavy metals. This has been confirmed by some experimenters and

denied by others. Kronig and Friedrich, for example, believe there

is no dift'erence between the effects, but their methods of measure-

ment leave much to be desired, and they used an index material—
frogs' eggs—which cannot be regarded as comparable to mammalian

tissues. The question, therefore, must be regarded as still unsettled.

As an illustration of some of the confusion which exists there will

be found numerous statements in recent literature as to the proper

filtration for .r-rays and radium. Some writers have, for example,

recommended zinc for .r-ray filtration as possessing certain peculiar

properties which make it preferable to other metals, notably alumi-

num. Nevertheless, careful measurements will show that equiva-

lent thicknesses of zinc and alimiinum pass rays of the same compo-

sition. It is true that zinc and copper are less bulky than the

equivalent 13 or 14 mm. of aluminum, but the matter is one of

convenience only and not of some magic separation of desirable and
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undesirable radiations. The a-ray tube as at present used gives

off a continuous spectrum whose extent is solely dependent on the

voltage of the tube, the higher the voltage the more short wave

lengths being produced. "When filters of substances of an atomic

number not higher than about 30 are used, equivalent thicknesses

remove equivalent amounts of the longer wave lengths. When

substances whose atomic number is just below that of tungsten are

employed some rays of shorter wave length are removed and also

most of those of longer wave length, so that an approximately

monochromatic wave length of 0.2 Angstroms is produced. The

amount which passes such a filter is so small that it cannot be used

in therapeutics at present. The only way to increase it is by

raising the voltage to a much higher figure, which, as has been stated,

cannot be done successfully except with experimental apparatus,

owing to the breaking down of the tubes and the great spark distance

of the high voltage currents. At 100,000 volts 1 mm. of copper is

equivalent to 20 mm. of aluminum and 80 cm, of water, only one-

tenth of the total energy of the .r-rays at the wave length stated

escaping through such a filter. To obtain a wave length of 0.07

Angstroms, which is that given by radium C, a voltage of over

300,000 would be necessary and the yield even at that pressure would

be exceedingly small. To obtain a satisfactory output a uranium

anticathode would have to be used, which is not at present possible.

This shows some of the practical difficulties which must be over-

come before ar-ray can produce rays approaching those of radium.

For radium, gold, silver, platinum, lead and brass are all recom-

mended as filter substances by different workers.

Other statements showing a lack of knowledge of physics have

been made by radiotherapeutists, such as that in using filters the

intensity of the radiation is not in^•ersely as the square of the dist-

ance. This is, of course, not generally true. The filter itself acts

as a source of radiant energy, part of the .r-ray being scattered, thus

somewhat increasing the amount reaching the tissues underneath

the filter; but the amount of scattering depends upon the nature of

the filter, its diameter, the conditions of running the tube, which

gives off .T-rays not only from the point of impact of the cathode

rays against the tungsten anticathode but also from the other
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metallic portions of the tube and e\'en from the glass, so that confus-

ing results have been obtained with the ordinary medical methods

of measurement by pastilles. When the ionization chamber was

employed it was found, as the lantern slide shows, that for all

practical purposes the law of inverse squares is followed, the amount

of radiation being reduced to one-fourth when the distance is

doubled.

Another investigation still under way and promising to be of

interest is an attempt to combine the effects of two types of physical

agents upon the cells. A definite limit, the erythema dose, is placed

upon the amount of .r-ray which can be passed through a given

area of skin, and when tliis has been done the deeper tissues can

still be heated by diathermic applications of electric currents

through a neighboring area not sensitized b}' the rays. The evalua-

tion of this possibility depends upon the accurate determination of

the time and temperature coefficient of animal tumors. This

is surrounded experimentally with considerable difficulties, but the

technic is now sufficiently mastered to make it possible to show

that low degrees of heat, such as 41°, 42° and 43° C, at given

periods, possess considerable killing power on tmnor cells. It does

not take quite half a lethal dose of .r-ray and half a lethal dose of

heat to kill the cells; hence, from an experimental point of view,

something has been gained. The practical application invohes

many technical difficulties which will have to be worked out in time,

but the results so far suggest the hope that in suitable cases it will

be possible to combine the effects of the two agents. The use of

these low degrees of heat must not be confused with the employ-

ment of the cautery nor with the killing of the tissues by Percy's

method, in which the temperature used is much higher than those

we have employed.

An interesting by-product of this thermal death-point work was

the simple demonstration of the reason why mouse tumors will not

grow in the spleen of the domestic fowl. Danchakoff has recently

published some interesting observations on the destruction of

tumor cells when adult chicken spleen is mixed with certain mouse

tumors and implanted upon the membranes of the unhatched chick.

She regards the phagocytosis of the tumor cells which occurs as
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possibly having an important bearing on the immunity problem in

general. When mouse tissues are inoculated into the rat they grow

for a period of two to four weeks and then disappear, but are not

phagocyted; when, however, they are inoculated into the fowl no

growth occurs; hence the conclusion might easily be drawn that

some antibody or humoral process destroyed the implants. The

explanation is, however, much more simple. The normal tem-

perature of the common fowl is 42° to 44° C, and at the latter

temperature mouse tumors are killed in six hours.

In conclusion, it may be said that opportunity has been vouch-

safed to touch upon only a few of the many problems which must be

solved before the radiation therapeutics of cancer can be placed on

a scientific basis, but in this subject above all others in medicine is

the wise phrase of Bacon applicable, "The counsels to which Time

hath not been called. Time will not ratify."
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PAROXYSMAL TACHYCARDIA OF \EXTRICI;LAR
ORIGIN AND ITS RELATION TO CORONARY

THROMBOSIS

By G. CAXBY ROBIXSOX, M.D.

AND

GEORGE R. HERRMAXX, M.D.
ST. LOUIS, MO.

The experimental study of Lewis, Smith and that done in our

laboratory are sufficient evidence that interference with the coronary

circulation may produce ventricular paroxysmal tachycardia.

The criteria used in establishing the diagnosis of paroxysmal

tachycardia of ventricular origin are the following electrocardio-

graphic findings:—A succession of auricular complexes occurring

independently of, and at a slower rate than the complexes of ven-

tricular origin; ectopic ventricular complexes at a rate of 150 or

more per minute; evidence against possible disturbance in intra-

ventricular conduction (as, for example, bundle branch block);

absence of such disturbances in records made between paroxisms;

isolated ectopic ventricular complexes resembling in form those of

the paroxysm, occurring before or after a paroxysm; and the char-

acter of electrocardiograms of the beginning or the end of an attack.

In reviewing the sixteen published cases of ventricular paroxysmal

tachycardia that have had accompanying electrocardiograms we

have accepted only six as undoubted cases, after the data which

we have described are applied in their diagnosis. These are the two

cases published by Lewis and one each published by Hart, Butter-

field and Hunt, Willius and Yaughan. All of these but one were

middle-aged men. The autopsy on one case showed a myocardial

lesion which is of the type often following a lesion of the coronary

arteries, although the condition of the coronary arteries was not
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described. The autopsy on another, a suicide, showed atheromata

of the coronary arteries.

Six other cases, three by Hume, one each by Vaughan, Cohn and

Fraser and WilHus appear to be probable cases. Of the other four

cases of WilHus, one is questionable and the other three are probably

not cases of ventricular paroxysmal tachycardia.

We observed four cases which we consider undoubted examples

of paroxysmal tachycardia of ventricular origin.

Case I.—Hospital number 14496: A man, aged fifty-three years, had

had syphilis eight years previously. He had received treatment with

mercury for three years until he had repeatedly negative Wassermann

reactions. Two weeks before admission to the hospital he applied to the

out-patient department on account of shortness of breath on exertion,

which he had had for two years, and for a feeling of oppression across the

upper chest which has been present for three or four months. At this

time his sj^stolic blood-pressure was 165 mm. Hg. The urine contained a

trace of albumin and many granular and cellular casts.

At 2 A.M. of the night of his admission to the hospital he was awakened

by a severe pain in the upper chest followed by a cough with bloody frothy

sputum and a persistent precordial pain. He was admitted to the hospital

at 4 A.M., at which time he appeared m extremis. There was definite

orthopnea, his respiration being forty per minute and accompanied by grunt-

ing or groaning. He had conspicuous cyanosis of his lips and hands, an

ashy pallor of the face and a moist, cool, "clammy" skin. The pulse was

small, rapid, weak and "thready," with a rate of 190 per minute. The

systolic blood-pressure was 115 mm. Hg and the diastolic pressure was 90

mm. Hg. The outline of cardiac dulness extended 5 cm. to the right and 14

cm. to the left of the midsternal line. No murmurs were heard, but the

heart sounds were weak and embryocardiac. Bubbling rales were present

throughout the chest.

Electrocardiograms taken soon after admission showed ventricular

paroxysmal tachycardia. About ten hours after admission the heart-rate

was found to have become 120 per minute. Electrocardiograms taken

during the slow rate demonstrated very small narrow ventricular complexes.

The heart-rate rose again to 190 per minute about twenty-four hours after

admission and the patient died two hours later.

At the autopsy the heart had an unusual shape. There was a definite

forward bulge of dull grajash colored muscle in the lower part of the left

ventricular wall. This part of the myocardium was that supplied bj- the

anterior decending branch of the left coronary artery. This vessel was

found to be completely occluded by a fresh thrombus conmiencing at a
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point 1.5 cm. from the origin of tiie vessel and extending 2 cm. along the

lumen. The wall of the vessel was much thickened and a typical syphilitic

lesion was present. The circumflex branch of the left coronary artery

showed thickening of its walls and a reduction of the lumen to a diameter

of 1 mm. The area of the heart wall supplied by this artery was atrophic

and showed an extensive overgrowth of connective tissue.

Case II.—Hospital Xo. 1875. A salesman, aged fifty-eight years, was

admitted to the hospital on December 12, 1915, with dyspnea, pain in the

chest and tachycardia. Ten years previouslj'^ he had been told that he had

chronic nephritis and had discontinued the use of protein food and alcohol

which had been used previously, at times to excess. There was no definite

evidence of syphilis.

His illness began two weeks previous to admission to the hospital, ^^dth

a sudden pain in the region of the heart while walking. It was sharp,

severe and radiated down the left arm and was accompanied by a sense

of constriction about the chest and difficulty in breathing. In the first

attack he '"stumbled home alone" and was given morphin, which relieved

him temporarily, but the pain returned and persisted. His breathing was

said to have been continuously labored, and cyanosis was observed. He
had several attacks before admission, in which the pain in the chest became

excruciating, the skin became cold and moist, and the pulse rapid, weak

and thready. Rusty blood-tinged sputum appeared and his temperature

rose to 101.6° F. Three days before admission to the hospital the patient

went into "collapse" and the pulse became very rapid on the day before

admission.

On physical examination at the time of admission the patient was stu-

porous, very cyanotic and dyspneic. The heart-rate was between 180 and

200, the rhj'tlim regular. The outline of cardiac dulness extended 4.5 cm.

to the right and 13 cm. to the left of the midsternal line. The heart sounds

w^ere clear, with an accentuation of what seemed to be the first heart

sound. At the apex region the sounds were weak and rapid.

]Moist rales were heard at both baseg posteriorly but otherwise the lungs

were clear. The liver dulness extended 9 cm. below the costal margin and

the abdomen was slightly distended. The systolic blood-pressure was

138 mm. Hg at the time of admission, but fell gradually until it reached

95 mm. Hg thirty-six hours later. Cheyne-Stokes breathing was noted

the day after admission.

Pressure over the vagi. and ocular pressure failed to produce any effect

on the heart-rate. Atropin sulphate (gr. to- hypodermically) produced no

change in the rapid ventricular rate.

The heart-rate was continuously rapid until eleven daj's after the onset

of the tachycardia. The rate ranged from 185 to 248 beats per minute.

No cause for the change in rate was ascertained. During the first week of
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this period the patient improved distinctly. He became rational, his pain

practically disappeared, his lungs became free from rales and he said he

was fairly comfortable. The phenolsulphonephthalein output diminished

during the period of tachycardia. On the tenth day alternation of the

pulse was observed and the heart-rate slowed to 180 per minute. On the

eleventh day the heart-rate fell to 120 per minute, while the systolic blood-

pressure, which had been varying from 110 to 95 mm. Hg, rose to 154

mm. Hg, while the diastolic pressure was 90 mm. Hg. During the period

of relatively slow heart-rate, the patient was worse, being weak, fatigued,

and uncomfortable. On the sixteenth day the heart-rate again rose to 190

per minute while the systolic blood-pressure fell to 105 mm. Hg, with a

diastolic pressure of 95 mm. Hg. The patient seemed better than during

the slower heart-rate, but no increase in the urine output occurred, and he

soon began to have increasing weakness. On the twenty-third day he

became unconscious and apparently moribund, and died on the twenty-

fourth day, eight days after the reappearance of the tachycardia. The

heart-rate again slowed to 120 beats per minute a few hours before death,

and then gradually became slower until he died. An autopsy was not

permitted.

Electrocardiograms showed ventricular paroxysmal tachycardia at the

high rate and very small narrow ventricular complexes at the slow

rate.

Case HI.—Hospital number 1601: A housewife, aged fifty-three years,

was admitted to the hospital on October 29, 1915, complaining of indigestion,

heart trouble and pain in the throat and arms. Her general health had

always been good. There was no history of a severe infectious disease, or

of the use of alcohol or of excessive physical or emotional strain. Although

married she had never become pregnant, the cause of sterility being

unknown.

In March, 1912, the patient began to have weakness and abdominal

distress, while in the spring of 1913 she had on exertion an aching or Ixirning

in the throat which radiated down the arms, especially the left arm. She said

she had an "all-gone, generally depressed feeling," and difficulty in climbing

stairs. In December, 1914, the patient had attacks of severe pain in the

left side of the chest, which lasted from twenty to thirty-six hours. She was

told she had pleurisy, but this pain did not recur. In March, 1915, the patient

became very "nervous" and was told she had hysteria. On March 8 she

had a severe pain in the throat and arms which lasted five or six hours.

She remained in bed for ten days after the attack. For two months

previous to her admission to the hospital the patient had attacks of palpita-

tion of the heart, associated with a feeling of flatulence and with an aching

feeling in the arms. During the five weeks previous to admission the

attacks of cardiac palpitation became more frequent, occurring about four
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times a week. They seemed to be precipitated by "eating wlien tired,"

and reclining after meals lessened the attacks. A severe attack of palpita-

tion caused her to enter the hospital.

On examination the patient appeared very healthy. She was not in

distress and was very well nourished. There was slight cyanosis of the

lips, mucous membranes and nail beds, and she was slightly dyspneic.

The heart was beating regularly at a rate of 74. The apex-beat was not

seen or felt. The outline of cardiac dulness extended 4 cm. to the right

and 11.5 cm. to the left of the midsternal line. The heart sounds were

faint and no murmurs were heard. The systolic blood-pressure was 130

imii. Hg and the diastolic pressure was 90 mm. Hg. The fluoroscopic

examination revealed "a somewhat enlarged heart." The abdomen was

somewhat distended. There was a slight anemia. The urine showed a

very slight trace of albumin and many hyalin and a few granular casts.

No other findings of importance were noted. The Wassermann reaction

was negative.

On the morning after admission the patient had an attack of palpitation

similar to her previous ones. It began and ceased suddenly, lasting about

half an hour. The heart-rate was 180 per minute. During the patient's

stay in the hospital the pulse was often noted as irregular and electro-

cardiograms showed that the arrhj^tlimia was caused by interpolated pre-

mature ectopic beats of ventricular origin. The regular Q. R. S. groups

were narrow. An attack of palpitation was brought on by exercise. Elec-

trocardiograms showed ventricular paroxysmal tachycardia.

She left the hospital on November 27, 1915, feeling much improved, and

was able to take care of her husband through an attack of pneumonia during

the winter without discomfort. During the spring, about six months after

leaving the hospital, she fell dead, apparently \\athout anj?^ premonitor3^

symptoms.

Case IV.—Hospital No. 8330: A laborer, aged forty-nine j'ears, was

admitted to the hospital April 25 from the out-patient department for

tachycardia and pain in the chest. He gave a history of syphilitic infection

at the age of seventeen. He had used alcohol moderately and had had

several attacks of acute rheumatic fever. He also gave a history of one

previous attack of palpitation of the heart. He said that six days previous

to admission he was taken ill suddenly with a sharp pain in the chest on

reclining, which was followed by a thumping of the heart and a choking

sensation. He vomited and was unable to sleep. His heart became quiet

in two days, but on attempting to walk to his place of work the cardiac

symptoms returned and persisted until and after his admission to the

hospital, three days later.

On admission he presented an anxious expression, with slight cyanosis of

the lips, ears and nail beds. His face was of ashy hue. There was slight
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engorgement of the veins of the neck and moderate dyspnea, with ChejTie-

Stokes breatliing. Moist rales were heard over the bases of both lungs

posteriorly.

Over the heart in the region of the apex and in the epigastrium a fluttering

or tremulous movement was seen. The cardiac dulness extended 4.5 cm.

to the right and 12 cm. to the left of the midsternal line. Both heart

sounds were distinct at the base and embryocardiac in character. The

heart-rate was 230 to 240 per minute. Only one heart sound could be

heard at the apex. The heart-rate could not be altered by pressure over

either vagus nerve or by ocular pressure. The systolic blood-pressure

was 80 mm. Hg. The diastolic pressure 68 mm. Hg. The abdomen was

distended and rigid. The liver extended 7 cm. below the costal margin,

felt smooth and was very tender. The pupils reacted sluggishly to light.

The knee-jerks and Achilles tendon reflexes were exaggerated, equally so

on the two sides. A "seven-foot " .x-ray plate showed what was interpreted

as an extreme degree of aortitis. The Wassermann reaction of the blood

was negative while the spinal fluid gave a moderately strong positive

reaction.

Electrocardiograms taken soon after admission revealed ventricular

paroxysmal tachycardia. The tachycardia ceased two days after his admis-

sion to the hospital, but recurred and continued with a brief intermission

for seven days, having been apparently continuous for five days. At the tune

of cessation of the tachycardia the heart-beat was irregular for a short

period, but when electrocardiograms were obtained the heart was beating

regularly at a rate of 82 per minute. There was no delay in A-V conduc-

tion, while the T wave was inverted in all leads.

With normal rhytlim diastolic and systolic murmurs arising at the aortic

orifice were heard and a thrill could be felt over the second right interspace.

The patient was found to have a right-sided hydrothorax, which was

drained. He remained in the hospital for one month and antisyphilitic

treatment with salvarsan and mercury was instituted and has been con-

tinued. The patient can now carry on light work and has had no return

of tachycardia.

During his stay in the hospital numerous electrocardiogi'ams were

obtained and changes in the T wave were observed. All leads showed an

inverted T wave for the first five days after the cessation of tachj^cardia.

Then the T wave of the third lead had become upright. On the following

day the T wave of the second lead became flat instead of inverted. Twenty

cla3^s later the T wave of the first lead was flat while that of the other leads

were upright. No digitalis was administered. Records made at intervals

since the patient's discharge from the hospital shows normal electrocardio-

grams with upright T waves in all leads. This change in the T wave

resembles certain findings of Smith after coronary ligation and also those
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observed by Herrick in a case of coronary thrombosis which he reported.

These changes may be taken as a probable indication of myocardial dis-

turbance, possibly secondary to an interference with the coronarj' circula-

tion.

Discussion. The four cases which have been described present

sufficient evidence in our opinion to warrant in each instance the

diagnosis of paroxysmal tachycardia of ventricular origin. They
were all obse^^'ed during periods when the heart-rate was from 170

to 22S per minute. These rapid rates occurred in paroxysms, and

periods of relatively slow cardiac rate were obser\ed in each mstance.

The transitions between the very rapid and relati\ely slow rate

were as far as observed always sudden.

That the tachycardia was caused in each case by a very rapid

succession of impulses arising in one of the ventricles was determined

by electrocardiograms obtained during the paroxysms and during

the periods of relatively slow rate. The ventricular complexes in all

records during paroxysms are strikingly abnormal, and differ

markedly from those obtained between attacks. None of the

records taken during relatively slow rate show ventricular complexes

which are characteristic of disturbances in the main branches of the

intraventricular conducting system. The ventricular complexes

of the tachycardia records from all cases resemble those which are

obtained when impulses arise in the ventricles, either by single

spontaneous ectopic impulse formation or by direct electrical

stimulation of the exposed ventricles in animals. In the last case

the complexes resemble those produced by ventricular contractions

arising from stimulation of the right ventricle, while the curves from

the other three cases suggest that the ectopic impulses originated

in the left ventricle.

In two of the cases, the second and fourth, definite evidence of

auricular contractions occurring at a slower rate than that of the

ventricles is seen in the electrocardiograms, waves denoting auricular

contractions being present. In the other two cases evidence of

auricular activity during the tachycardia is somewhat uncertain.

The electrocardiograms taken between the paroxysms of tachy-

cardia show definite abnormalities in all cases. In the first and

second cases the \entricular complexes are unusually small and
Am Phys 1

1
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deformed. They resemble the complexes seen in the case of coronary

thrombosis reported by Herrick and those from another case of

coronary thrombosis, confirmed at autopsy, from which we obtained

electrocardiograms. The T wave is inverted in all leads in Cases

III and IV, in the first lead in Case I, and in the third lead in

Case 11 ; the Q-R-S group of waves is not unduly prolonged in any

of the cases. The curves from all these cases present e^•idence of

myocardial damage, either from the form and size of the ventricular

complexes (Cases I and II) or from the inversion of the T wave in all

leads (Cases III and IV).

The relation of coronary occlusion to ventricular paroxysmal

tachycardia is a point of special interest in regard to the cases that

have been reported and to the phenomena generally. As has been

pointed out, this relationship has been established for animals under

experimental conditions. In our first case, where a thrombosis of the

left descending coronary was demonstrated at autopsy, the tachy-

cardia was apparently the result of changes brought about by

occlusion of the coronary artery.

In the second case the patient's history is very suggestive of

coronary occlusion, especially the sudden onset of the illness with

severe pain in the region of the heart radiating down the left arm.

This primary attack and several that followed it were typical of

angina pectoris, so often associated with coronary artery disease.

There was no definite evidence of syphilis, but chronic nephritis,

arteriosclerosis and hypertension existed.

The third case is perhaps the one in which there is the least

evidence of a lesion in the coronary arteries. The history of this

patient, which is given in' some detail, is suggestive of relatively

mild attacks of angina pectoris. The fact that she never became

pregnant during her long married life suggests that she may have had

syphilis. The most significant fact, however, is her sudden death,

which apparently occurred without premonition. Such an occur-

ance is certainly suggestive of sudden heart failure, especially of

ventricular fibrillation, which in turn points toward a lesion of the

coronary arteries.

In the fourth case a definite history of syphilis with an extensive

lesion of the aortic orifice is very suggestive of a lesion in\olving
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the coronary vessels, especially at their origin. Our first case is, we

believe, the first instance in the literature where direct evidence of

the association of ventricular paroxysmal tacliycurdia with coronary

occlusion has been obtained, although in two other cases which have

been studied by others lesions of the coronary arteries may have

been causative factors. We have recently observed two cases which

showed occlusion of the coronaries at autopsy, neither of which had

tachycardia of high grarle.

Conclusion. Four cases of paroxysmal tachycardia of ventricu-

lar origin are described. The diagnosis of this condition depends

on the interpretation of electrocardiograms, and certain features

necessary for this diagnosis are discussed.

The relation between this condition and occlusion of the coronary

vessels has been proved in animals. This relationship, although not

constant, exists in some of the cases of ventricular paroxysmal

tachycardia in man. This relationship is definite in the first case

here reported, which was studied at autopsy, and is probably present

in all of our cases.

The prognosis of paroxysmal tachycardia of ventricular origin

is more unfavorable than that of auricular origin, and the differentia-

tion of the two types is of practical importance.

We wish to thank Dr. M. T. Burrow^s for the pathological study

of our first case.

Electrocardiograms and photographs will be published in Heart.



RETROGRADE STRETCHING IN THE TREATMENT
OF IMPERMEABLE CARDIOSPASM

By max EINHORN, M.D.
NEW YORK

A FEW years ago I described 2 cases^ ^ of impermeable cardio-

spasm successfully treated by retrograde stretching by means of

the pyloric dilator. Inasmuch as these cases are not very common

and present rather considerable difficulty in their treatment I

thought it of interest to report a few cases and discuss their man-

agement.

As regards the term "impermeable cardiospasm," it signifies,

as is well known, failure of food to enter the stomach in the normal

way, absence of organic stricture, and impossibility of reaching the

stomach by the usual gastric tube or a bougie.

Experience teaches that two groups of impermeable cardiospasm

may be discerned:

1. The bougie nearing the cardia engages in the sacculated wall

of the esophagus, and here meets with a slight resistance. If one

tries to push the bougie farther in, one has the sensation as if one

pushed the thin elastic wall further down. This may be done

gently without much force, when one distinctly feels the esophageal

wall being pushed down and coming up again following the olive

end of the bougie.

2. The bougie strikes the cardia but fails to enter it. Here

again two varieties are encountered: (a) The bougie meets with

a distinct resistance and cannot be pushed any further (spasm and

fixation of cardia; (b) the bougie meets with a resistance at the

cardia, failing to pass it; it can, however, be pushed further down

for two or three inches, moving the closed cardia for that distance

into the stomach, without entering the lumen (movable cardia).
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An illustration of croup 1 is triven by the following case which

I observed very recently:

Case I.—November, 1919. B. R. P., aged forty years, had grippe

about ten months ago. Tliercupon the patient began to suffer from

distress in his epigastrium pretty soon after eating. Patient noticed

difficulty in swallowing liquid and solid foods. He felt as if the food

collected at the pit of the stomach; and he was unable to force it down

^""V^-
t^z

¥:.

\

Fig. 1.—Roentgenogram of the esophagus of B. R. P. after the injection of

bismuth; the esophagus shows diffuse dilatation and the cardiac opening lies away
from the center.

without water and without much straining at that. Then after such

effort, he would feel the food suddenly' drop down into the stomach.

For the last four months vomiting occurred almost every day, large

quantities being brought up at once without much effort. Occasionally

the patient wakes up at night with constriction in the chest and vomiting,

for the last three months he has noticed that he could not partake of

ordinary food without the help of water. He experiences difficult j'' in

eating and pains in the scrobiculus. For the last six weeks no food

whatever has agreed with the patient, almost ever3i:hing being vomited
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during the day or night. He has lost 20 pounds during his sickness, espe-

cially during the last four months. He feels extremely feeble and can

hardly walk. Examination of the patient fasting—showed that the

esophagus contained 300 to 400 c.c. of undigested food, which appeared

through vomiting. A bougie (No. 43) entered 17 or 18 inches and struck

the esophageal wall, as evidenced by a feeling of elasticity of the wall upon

pushing the bougie gently further in, but did not pass the cardia. Swal-

lowing sound was absent.

ii

•_-:^lteisfS4{S

Fig. 2.—Roentgenogram of B. R. P. with the duodenal tube in place. There
is some barium in the stomach; the tube end lies in the beginning of the small intes-

tine.

Based upon these findings the diagnosis of a dilated esophagus and

impermeable cardiospasm was made and patient was referred for further

observation to the Lenox Hill Hospital. The duodenal bucket passed

the cardia and entered the duodenum in twenty-four hours. The string

showed bile below 24 inches and a blood stain at 17 inches. The test

apparently showed the presence of an ulcer of the stomach near the cardia,

which was probably the cause of the cardiospasm.

An x-ray picture of the esophagus taken by Dr. Thomas Scholz corrobo-

rated the diagnosis of dilatation of the ei^ophagus, due to cardiospasm.
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Fig. 3.—Roentgenogram of B. R. P., showing the pyloric dilator; the inflated balloon

is just in front of the cardia in the stomach.

\''":xi

Fig. 4.—The same as Fig. 3: the dilator has been pulled up about 2 inches or

more without passing through the cardia, the latter being simply lifted and invagin-

ated into the esophagus.
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In order to cure the ulcer and to afford relief to the dilated esophagus it

appeared best to keep the patient on duodenal alimentation. The tube

was introduced in the afternoon of October 20, 1919, and the following

day feeding by the tube through the duodenum was commenced. The
patient felt much relieved and strengthened within a few days. There

was no vomiting and he slept well. After eight days of duodenal feeding

the tube was removed. October 28, 1919, the pyloric dilator was intro-

duced. On the following morning the balloon of the instrument was found

Fig. 5.—The same case as shown in Fig. 4; the balloon of the dilator has passed the

cardia and is within the esophagus.

to be in the duodenum. Stretching of the pylorus and then of the cardia

(up to 60 F.) was then easily performed.

During the month of November, 1919, stretching of the cardia was

undertaken every other day, a balloon of 70 F. passing through without

much difficulty. Patient could eat quite well and did not vomit. He
gained considerably in weight.

Figs. 1 to 5 show the dilated esophagus of the patient P., with the cardiac

opening lying to the side, away from the center, and the different steps of

the method of retrograde stretching by the pyloric dilator.

It was soon discovered that after a few stretchings with the pyloric

dilator, bougies could now be introduced and reach and pass the cardia.
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The usual metal cardiodilator was then introduced for further treat-

ment, and the cardia was stretched twice up to 80 Fr. and ultimately to

110 Fr. The patient could now eat like any ordinary individual without

experiencing the slightest inconvenience.

Fig. 6.—The inflatable dilating bougie.

Group II, subdivision a, may be represented by the following

case:

Case II.—^March 17, 1919. Mrs. A. R., about forty years of age, has

suffered from difficulty in eating, choking and vomiting for the last twelve

years. Frequently she would have to leave the table in the middle of a

meal in order to eject the food, on account of a feeling of suffocation she

experienced. She never could eat with ease like other people. She was

forced to gulp down a quantity of water, in order to make the food go down.

I saw the patient first during the spring of 1917.

The findings were as follows: Swallowing sound absent; bougie with

olive No. 43 meets resistance, which is impassable, at 16 inches from the

lips. This spot of resistance is stationary and cannot be pushed down,

or made to move even a little bit. Olive No. 48 shows exactly the same

condition.

During March, 1919, a chance for the reexamination of patient presented

itself. Again the findings were exactly, the same: Swallowing sound

absent; bougies with olives Nos. 38, 43 and 54 meet with an absolutely

impassable resistance at 16 inches distance from the lips. The stomach

tube introduced 16 inches into the esophagus in the fasting condition of

the patient brings up 150 c.c. of food from the day before with the following

characteristics: Reaction acid; No HCl present; rennet absent; lactic

acid present.

The patient then entered the Lenox Hill Hospital for observation and

treatment. The duodenal bucket entered the duodenum and showed on
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the string a blood stain from 22^ to 23 inches from the lips; from 24 to the

end it was stained a golden yellow.

A diagnosis of severe impermeable cardiospasm complicated by duodenal

ulcer was made. The patient was kept on duodenal alimentation for two

weeks. This afforded perfect rest to the dilated esophagus, stomach and
the upper part of the duodenum.

After removal of the tube, the pyloric dilator was introduced, and after

a night's sojourn, it entered the duodenum. The pylorus, and then the

cardia were stretched retrogradely. This procedure was kept up for two

weeks, both pylorus and cardia being stretched about twice a week. There-

after stretching of the cardia alone was employed, first twice weekly, and

later once a week. The patient made a rapid recovery, gaining in weight

steadily and being able to eat almost all kinds of food like ordinary people.

Group II, subdivision h, is well represented by the following case:

Case III.—December 10, 1919. Mrs. F. F., aged twenty-five years,

married, no children, menses normal. She had scarlet fever as a child

—

good recovery; operated upon for goiter at the age of nine.

The present history dates back to four years ago, when the patient was

suddenly frightened and fainted. After this for about some time she

had a fear of people. This lasted about one year and cleared up. Tliis

was followed by pain in left iliac fossa, at first, and then by pains all over

the body. The patient was unable to eat, and had great difficulty in swal-

lowing. She had a choking sensation in her throat continuously—whether

she ate or not. Two years ago vomiting began. The patient would

vomit during meals and between meals. The vomitus at times contained

undigested food and at other times consisted only of mucus—never any

blood.

When the patient would eat, she would feel as though the food was going

to choke her. At times the food would go into the stomach and again it

would not go beyond the mouth. But the patient would vomit even

though no food entered the stomach. The bowels were constipated.

For the past four months two to three days would elapse during which

the patient could not eat; even water was swallowed with difficulty. The

bowels were constipated during the past three or four months for a week

at a time, unless she took an enema. The paifi was very severe in the

epigastrium for the past few months. The patient slept well during the

entire period of her illness. She lost 36 pounds in the past four years,

most of which was lost in the past six months, though just how much the

patient does not know.

The physical findings were as follows: Swallowing sound absent.

Bougies 38 and 43 meet with a resistance at 16^ inches from the teeth.
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Upon pushing the bougie further down, the resi.stance fcardia) can be

moved for full\' 2', to 3 inclics downward, the bougie failing to pass through

the cardia. A stomach tube, introduced 15 inches from the teeth, into

the esophagus of the fasting patient brings forth about 120 c.c. of food resi-

due, showing the following: HCl absent, lactic acid present, rennet absent.

The diagnosis of moval)le cardia and impermealile cardiospasm was
made, and the patient was referred to the Lenox Hill Hospital for further

examination and treatment.

The duodenal bucket was introduced, atropin being given, and entered

the duodenum over night. The string showed bile beyond 24 inches and

a blood stain at about 18 inches. The patient was then given the duodenal

tube with atropin medication. The next day the tube entered the duo-

denum. She was then treated by duodenal alimentation for two weeks.

She felt well, vomited very little during the entire period of treatment

and picked up in strength.

After the withdrawal of the tulie, the pjioric dilator was introduced

and with it liquid food by the mouth and atropin were given. The next

day the pyloric dilator was found to be still in the esophagus above the

cardia. It was left in the digestive tract for another period of twenty-

four hours. When examined forty-eight hours after its introduction the

dilator was found to l)e in the duodenum. Stretching first of the pylorus

and then of the cardia was now easily accomplished. While, however, w-e

could pull through the pylorus a balloon corresponding to No. 65 Fr., the

cardia did not at first permit a larger balloon than Xo. 50 Fr. A few days

later, however, we succeeded in pulling through a Xo. 60 ¥v.

After these retrograde stretchings the patient could eat with gre ter

ease and vomited but seldom. Her esophagus was washed out every other

night. At first 100 c.c. of food residue would be found; later on the amount
was 50, and ultimately 40 c.c.

A new attempt was then made to pass a bougie through the cardia, for

it was believed that the spasm was much diminished. This proved correct.

At first we succeeded in passing bougie Xo. 48 through cardia after pushing

it down 18| inches. A few days later bougie Xo. 54 passed the cardia in

the same manner as X'o. 48 and entered the stomach.

Later on, for the retrograde stretching in this particular case, we made
use of a new instrument which resembles the aspirating bougie, namely,

the "inflatable dilating bougie."

The patient has gained 12 pounds in weight since we succeeded in

stretching her cardia and eats fairly well.

I herewith give a drawing of this cardiodilator, the construction

of which is apparent and needs no description. The advantage

of the inflatable dilating bougie is that it can })e introduced at
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once into the stomach, without a period of waiting which is neces-

sary with the pyloric dilator, and the stretching performed imme-

diately after inflating the balloon. (See Fig. 6.)

I have observed a few more cases belonging to the two groups

just described. I shall refrain, however, from recording them as

they would be almost a repetition of the cases above detailed.

Altogether I have had 10 benign cases of impermeable cardio-

spasm. Two (about eight or ten J^ears ago) had been operated

upon by Dr. Willy Meyer; in 1, Mrs. P., an esophagoplication was

made with great benefit to the patient for about six months, when

later she succumbed to an empyema. The second patient, a Mr.

D., was in such extremis when first seen by me, that a gastric

fistula was the only feasible procedure to begin with. He died as

a result of perforation of the esophagus occurring a few days after

the establishment of the fistula.

The other eight had all been treated by retrograde stretching of

the cardia, some after a previous course of duodenal alimentation.

All of these patients benefited greatly by retrograde stretching.

They could eat with greater ease and did not vomit as much.

In some of them after a few stretchings the cardia became accessible

to direct treatment (i. e., the impermeable cardiospasm was con-

verted into a simple permeable cardiospasm).

There are a few points concerning impermeable cardiospasm I

would like to broach.

1. As regards the etiology of impermeable cardiospasm, as well

as of plain permeable cardiospasm, gastric ulcer, especially if

situated near the cardia, seems to play a dominant part. In the

new cases here described as well as in a great number of others,

observed in my practice, I have found the association of the two

conditions present. What is more natural than to assume that

the ulcer is the original cause of the persistent spasm? In this

connection I would like to mention another point which relates to

the connection of peptic ulcer and cardiospasm.

In cardiospasm the swallowing sound at the cardia is always

absent. In a number of patients with ulcers near or within the

cardia I have found the swallowing sound absent, and this even in

cases in which there was apparently no delay in the entrance of

food from the esophagus into the stomach. Moreover, I know
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of two patients who had cardiac ulcers years a^o, which have healed

perfectly, who have ever since shown an absence of the cardiac

swallowing sounds. It seems as if the ulcer near the cardia by its

presence, and later by its healing, interfered with the normal

function of the cardia. While the food may pass through this

opening in due time, still the normally heard sounds are no longer

present, probably l)ecause of some alteration in the structure of

the cardia.

The absence of the swallowing sounds in some cases of ulcer

near the cardia again show the intimate connection between gastric

ulcer and interference w'ith the normal work of the cardia.

2. The diagnosis of benign impermeable cardiospasm is usually

quite easy to establish. In group 1, that of sacculation of the esoph-

agus with the opening lying somewhat away from the center, the

bougie strikes the esophageal wall at the bottom. This can be

pushed down a little, giving the sensation of a thin elastic pliable

membrane. Extreme caution is required in the performance of this

test, as forcible pushing of the bougie might penetrate or injure the

esophageal wall.

In group 2, subdivision a, there is often the thought of a neoplasm

presenting itself. For the bougie meets with an impassable resist-

ance at about 16 inches which at first sight simulates a growth.

There are, however, the following features which will help to estab-

lish the diagnosis: In benign cardiospasm there is usually a long

history of trouble, two to ten years or more. There are besides

frequent intermissions during which patient partakes of food

pretty easily. In a real neoplasm there is a comparatively short

history of a steadily progressing trouble, without any periods of

freedom. The duodenal bucket and frequently the pyloric dilator

enter the stomach after a night's sojourn in the digestive tract.

Usually it is possible to pull from the stomach through the cardia

a balloon measuring in size 55 to 60 mm. in circumference, if not

more. In cancer, these attempts will remain unsuccessful. The

.r-rays will frequently likewise help to establish a correct diagnosis,

with some exceptions.

3. As regards treatment retrograde stretching with the pyloric

dilator appears to be preferable to passing bougies over a pre-

viously swallowed string. It sometimes happens that even a
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flexible instrument cannot follow the string, if there is present too

great a bend in the sacculation or an unyielding spasm at the cardia.

In cases in which an ulcer in the stomach is suspected or really

discovered, it is advisable first to accord the esophagus and stomach

a period of rest (by duodenal alimentation) before instituting the

stretching treatment. The latter is best done first by the pyloric

dilator, every other day or twice a week, the dilator being intro-

duced before retiring supplemented by a dose of atropin, and the

stretching done the following morning. After a few stretchings

the dilator enters the stomach in a much shorter time. It can

then be passed early in the morning, with atropin, and stretching

performed one or two hours later, as soon as the balloon has reached

the stomach. This can be easily ascertained either by the .r-rays

or by inflating the balloon, and then pulling it upward. In case

the balloon is in the stomach a resistance is felt as soon as the

instrument reaches the cardia. If no resistance is encountered, the

balloon is deflated the patient given some water or tea to drink,

and after waiting one-half hour or so, the experiment is repeated.

The entrance of the balloon into the stomach must be patiently

watched and tested, and when found in the latter retrograde

stretching can be undertaken.

Stretching in situ can also be done by the double balloon pyloric

dilator. This is more effective but the instrument is somewhat

coarse and harder for the patient to manage.

In some of the cases treated after a few retrograde stretchings

the cardia becomes accessible to direct instrumentation. In these

instances the usual method of stretching can be carried out by the

common instruments in use for the dilatation of the cardia.

In some cases of marked cardiospasm with considerable dilata-

tion of the esophagus, besides the stretching, the esophagus was

washed out every night or every other night. This gives much

relief to the patient and is also of value with regard to gauging the

improvement. As soon as there is a real change for the better, the

amount of residue in the esophagus becomes less and ultimately

disappears.
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LWOLVEMEXT OF THE AURICLE AND COXDUCTIOX
PATHWAYS OF THE HEART FOLLOWING

INFLUENZA

By WALTER W. HAMBURGER, M.D.
CHICAGO, ILL.

During the past year a number of interesting postinfluenzal

cardiac conditions, late results of the 191S influenza epidemic and

more recent complications of the epidemic of 1920 have been

observed and studied in the electrocardiographic laboratory of the

Michael Reese Hospital. Certain of these cases throw light on the

mode and site of action of the influenza poison on the cardiac

mechanism, particularly on the auricle and conduction system, and

clarify, to some extent, the more general statements of observers

in the earlier epidemics. It is for this reason that the following cases

are reported.

A number of suggestive studies have already appeared, Lncke,

Wight and Kime^ from a detailed study of necropsies from 12G

definitely proved fatal cases of influenza, concluded that in the

majority of instances acute parenchymatous changes of the myo-

cardium, similar to the changes of other acute infectious diseases,

occurred. In over 90 per cent, of these cases more or less relaxation

of the right heart was present; in over 88 per cent, an associated

cloudy swelling occurred. Microscopically they found acute paren-

chymatous degeneration and vacuolization. While these cases

represented the fatal ones it may be inferred that in the less seriously

ill patients the heart is similarly affected, though to a less degree.

' Pathologic Anatomy and Bacteriology of Influenza, Arch. Int. Med., 1919,

xxiv, 154.
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Other reports, although not as conchisive as the above, admit some

degree of myocardial involvement. For example, Hart,^ although

believing that the cyanosis and death in influenzal bronchopneu-

monia is not primarily cardiac in origin, admits that in the few

uncomplicated cases in which the heart was carefully studied a

moderate degree of myocardial degeneration was found. Smith,

^

in a study of postinfluenzal tachycardias at Camp Travis, concluded

that organic heart disease was not the basis of the tachycardia and

quotes various autopsy reports from army camps as to the infre-

quence of myocardial involvement, judged largely from gross appear-

ances. Later, however, he states, "It is possibly true that patho-

logic changes, sufficient to cause serious disturbances in later life,

could have easily been overlooked with the naked eye."

A somewhat similar conflict between clinical and necropsy findings

may be found in Sir James Mackenzie's discussion of "Cardiac

Complications of Influenza,"^ wherein he states that "if one looks

at the heart postmortem in these fatal cases one sees the extensive

damage done to the myocardium," and continues, "It is possible

that influenza may lay the beginnings of a myocarditis which

ultimately leads to heart failure, but I have not seen this occur in

the many cases I have met in general practice." He concludes, in

reference to the late effects: "The weakness after influenza is not?

properly speaking, cardiac in origin, but is the outcome of an injur}'

to other systems as well as the heart, such as the central nervous

system. Even when we find such marked abnormalities as increased

rate, systolic murmur, increase of size of heart and extrasystoles

the cause of these signs ought not to be looked upon as heart disease,

but merely as manifestations of general illness." In reference to

the effect of influenza on patients with chronic heart disease,

Mackenzie states, "I never found that influenza injured them in

any way. Everyone, even those .with advanced heart failure, passed

through the attack scathless."

1 The Heart in Bronchopneumonia: Observations on the Activity of the Heart

and its Response to DigitaUs Made during the Recent Epidemic, Am. Joue. Med.
Sg., 1919, clviii, 649.

2 Tachycardia Following Influenzal Pneumonia, Jour. Am. Med. Assn., 1919,

Ixxiii, 1685.
' Cardiac Complications of Influenza, Practitioner, 1919, cii, 19.
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Thomas Lewis, ^ however, takes issue with Mackenzie in the follow-

ing words: "The relation of infection to the cases of real heart

disease must also be emphasized. It is of first importance. Noth-

ing jeopardizes the condition of a heart patient more than infection,

be the infection rheumatic fever or infection expressed as tonsillitis,

influenza, bronchitis, etc. During the recent influenza epidemic the

infection spread to a ward reserved for cases of serious heart disease.

We lost two patients, and the lives of several others were seriously

jeopardized."

These several studies are sufficient to emphasize the diversity of

opinion regarding the effects of influenza on the heart, notwithstand-

ing which some degree of uniformity of opinion is beginning to

crystallize and may be expressed as follows:

1. Necropsies of fatal cases of influenza, in spite of slight gross

pathologic changes in the heart, show rather universally acute

parenchymatous degeneration and vacuolization, and, at times,

extensive myocardial damage. Group I.

2. Clinical studies during the acute stage of illness, and in con-

valescence, indicate a rather remarkable recoverability of complete

cardiac function. The postinfluenzal flabby heart muscle gradually

disappears under graduated and properly directed exercise. Several

of our cases are of this t^-pe. Group II.

3. Certain of these acute myocardial processes, however, do not

clear up, at any rate for a very long time, and become cases of true

postinfluenzal myocardial insufficiency. The present cases for the

most part fall into this last group. Group III.

A very few electrocardiographic studies in influenza have appeared.

Cockaynes'2 description of heart-block and bradycardia is of special

interest in this connection. He found that simple bradycardias

were caused by a poisoning of the myocardium, especially the sino-

auricular node; the cases of heart-block result from the poisoning

of the muscle of the auriculoventricular bundle; while two cases of

marked bradycardia with prolonged .4-1^ interval were due to the

> The Soldier's Heart and the Effort Syndrome, Xew York, 1919.

' Heart-block and Bradjxardias Following Influenza, Quarterly Jour. Med., 1919,

ixi, 409.

Am Phys 12
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involvement of both sino-auricular and auriculoventricular areas.

He reports one boy, aged sixteen years, with sinus block, who had a

mild right-sided postinfluenzal pneumonia that cleared up entirely

in twenty-eight days. The prolonged A-V (" P-R") cases appeared

in mild pneumonias and lasted from nine to twenty-three days.

lilHllMiiiiiiiii"
"

Fig. 1.—Case I. S. R. Postinfluenzal myocarditis. Pulsus bigeminus caused

by regularly recurring auricular extrasystoles—ectopic— (inverted) auricular con-

tractions (Pa) following normal contraction of the auricle (Pi).

Nine cases of two to one heart-block were observed, lasting from one

to thirty-three days. Six cases of three to one heart-block averaged

fourteen days. The onset of the bradycardia usually occurred after

the temperature had become normal. Most of the patients were

young men suffering from mild influenzal pneumonia. After six
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weeks only one complained of cardiac symptoms,

undue irritability of the heart.

None showed any

Case I.—S. R., teamster, aged twenty-five years, married,

entered the hospital August 20, 1919, complaining of moderate
shortness of breath and precordial discomfort varying in intensity,

necessitating, at times, rest in a recumbent posture. He was in

robust health up to April, 1919, at which time he had a moderately

severe attack of influenza, with temperature 101° to 102°. Against

Fig. 2

the advice of his attending physician he remained home only three

days, returning to his work as a teamster while not entirely free from
fever. Two weeks later the above complaints occurred. He is a
moderate smoker. F>xamination of his heart shows the apex in the
fifth interspace, the left border 10 cm. the right 4 cm. from the mid-
sternal line. Heart tones irregular, occurring in groups of two,
pulsus bigeminus, no murmurs. His systolic blood-pressure was
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115 mm. Hg, diastolic 55 mm. Hg. The urine was negative,

blood negative and blood-Wassermann negative. Electrocardio-

graphic examination showed a pulsus bigeminus due to regularly

recurring auricular extrasystoles, "P" being inverted, "ectopic,"

every second auricular beat (Fig. 1). At the present (April, 1920),

one year after his influenza infection, patient is able to take care of

a small newsstand, to which occupation he was advised to change

because of inability to work as a teamster. Recent examination

at the dispensary showed a perfectly normal pulse when at rest,

which, however, promptly changed to bigeminus following slight

exertion, sitting up and lying down, on the examining table. Sum-
mary: Postinfluenzal auricular myocarditis, pulsus bigeminus,

auricular extrasystoles. Group III. Duration twelve months.

Case II.—Dr. S., Mobile, Alabama, aged thirty-eight years,

physician. He entered the Medical Reserve Corps of the army in

June, 1918. In October he had a moderately severe attack of

influenza, without pneumonia, but with complicating frontal sinu-

sitis. Since the influenza he has noticed a slight dyspnea, particu-

larly on playing golf. He believes his endurance low and notices

that he tires easily. When previously he was able to work without

fatigue from seven in the morning to twelve at night he now scarcely

can get through his day from eight in the morning to three in the

afternoon. He still complains of frontal headache. There is no

precordial pain or edema of the ankles. His systolic blood-pressure

is 150 mm. Hg, diastolic 90 mm. Hg. His right heart measures

3 cm., his left 1 1^ cm. from the midsternal line. The pulse was 88,

the heart tones regular and clear; there were no accentuations or

murmurs. Immediately after exercise his pulse increased to 132,

after two minutes to 128, after five minutes to 112 and after ten

minutes to 100. His urine showed two plus albumin, microscopic

negative; leukocytes 6800. The electrocardiographic examination

showed "P" high in L.I, II. and "R" low and notched in L. HI.

(Fig. 2) . Diagnosis : In view of the poor response to effort, marked

fatigue, dyspnea, albuminuria and electrocardiographic findings

a diagnosis of postinfluenzal myocardial insufficiency. Group III.

Duration fourteen months.

Case III.—C. H. W., aged thirty years, merchant, had a mild

attack of influenza in September, 1918, and a recurrence in Novem-
ber, 1918. In neither attack, although there was a rise of tempera-

ture, did he take to his bed. Following the last attack he noticed

a marked loss of endurance and an irregularity of his pulse. Exami-

nation of his heart was entirely negative except for an occasional

extrasvstole before exercise at long intervals. Exercise tests
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(hopping fifty times on one foot) showed a pulse of 93, systolic blood-

pressure 122 mm. Hg, diastolic 75. Immediately after exercise
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in L. I. and inversion of "P" in leads 2 and 3, extrasystole of right

ventricular origin in L. III. Diagnosis: In view of fatigue not

felt before the attacks of influenza, extrasystoles and electrocardio-

graphic findings a diagnosis of postinfluenzal auricular and ventricu-

lar involvement was made. Summary: Postinfluenzal, right

ventricular extrasystoles and "ectopic" auricular contractions.

Group III. Duration fifteen months.

Case IV.—Dr. B., aged twenty-eight years, house physician,

entered the hospital March 3, 1920, complaining of sore-throat,

with a history of attendance on several nurses who had been on

duty in the influenza wards and who had become ill, suffering with

sore-throat, temperature and generalized pain. Dr. B. complained

of pain in his knee-joints, palpitation, sensation of "heart stopping,"

moderate frontal headache and nasal discharge containing pure

Streptococcus hemolyticus. The past history revealed the usual

exanthemata of childhood and a moderately severe attack of

rheumatism of three weeks' duration following sore-throat seventeen

years ago. The mother died of a cardiac lesion at the age of thirty-

three. The father had attacks of rheumatism. Examination
showed a large, well-nourished, obese young man, lying quietly in

bed without evidence of respiratory or cardiac embarrassment, with

purulent nasal discharge. Examination of the heart showed no

evidence of gross circulatory failure. The pulse-rate was seventy,

with an intermittence about every thirty beats. The quality was
soft and compressible, the apex fifth interspace, feeble, no thrill.

The left border was inside the nipple line, the right border at the

right sternal margin. The heart tones were soft and there was no

murmur. There was no edema of ankles. INIarch 4 the pulse was
irregular and there was some swelling of the knee-joints and small

joints of the feet. The electrocardiographic report (Fig. 4) showed
moderate left preponderance, diphasic "P" in lead I, and auricular

extrasystoles. P-R. .20, rate 109.

Electrocardiogram March 16 (Fig. 4) shows auricular extra-

systoles, dropped beats, P-R .32 to .36. Rate 96. Progressive

lengthening of P-R.
Electrocardiogram INIarch 22 (Fig. 4) shows the blocking of an

auricular extrasystole. P-R .24, rate 88.

Electrocardiogram March 26 (Fig. 4) shows P-R, averaging .24,

pulse 90, auricular extrasystoles arising in the neighborhood of sino-

auricle node. P. T. Superimposed. Electrocardiogram, April 20,

shows normal cardiac mechanism.
Summary and Diagnosis: Acute streptococcus myocarditis

involving particularly the auricle and conduction pathways produc-
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ing chronologically, ectopic auricular extrasystoles; involvement of
the auriculoventricular bundle with delay in the P-R interval and
occasional dropped beats (early heart-block); blocking within the
auricle of ectopic extrasystoles; auricular extrasystoles arising in

the immediate neighborhood of the sinoauricular node. Group II.

Duration six weeks.

Case V.—Miss E. S., pupil nurse, aged twenty-three years,
entered the hospital March, 1920, complaining of sore-throat and
loss of weight. Since a septic sore-throat December 19, 1919,
containing hemolytic streptococcus, she had had more or less

throat infection and felt weak on slight exertion and tired easily.

Examination showed the hands and face to be very pale, anxious
facies, apparently suffering, hands held over the heart, respirations
shallow and superficial, pulse 114. She complained of gripping
pain over the heart that made speech and breathing difficult. She
said that she could feel her pulse become slow and irregular, after

which attacks the pulse became more rapid. There was a marked
tenderness in the fifth interspace. The apex lay within the nipple
line in the third and fourth interspace. The heart tones were
irregular. There were no murmurs. An electrocardiogram taken
March 3 (Fig. 5) showed a three to two heart-block, rate 62 of the
ventricle. An electrocardiogram taken the following day showed
nodal rhythm, rate 89.5 (Fig. 5).^ March 9 the heart seemed normal,
there were no accentuations and the first sound was barely per-

ceptible. The electrocardiographic examination showed P-R .25,

rate 65.2. One week later examination showed normal cardiac
mechanism. Summary and diagnosis: Acute streptococcus myo-
carditis involving primarily the bundle with three to two partial

heart block, later nodal rhythm, with anginal attacks. Group 11.

Duration two weeks.

Case VI.—Miss H. N., stenographer, aged twenty-eight years,'

has had " heart trouble" since the "flu" in October, 1918. Reniained
in bed three weeks during attack; there were no lung complications,
but some cardiac irregularity during acute illness. Remained home
two months convalescing. In the spring of 1919 complained of

same precordial uneasiness with slight pain, relieved partially by
digitalis.

January, 1920, again complained of pain in heart region; no
dyspnea or pain with effort; some palpitation. At times has some

1 Dr. Robinson, who kindly looked over this curve, believes it more likely a
markedly delayed P-R interval with P buried in the T complex.
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throbbing sensation in left arm. Has lost sLx pounds past few weeks,

tires easily, gets extremely fatigued.

Fast Illnesses. Scarlet fever eight years ago. Inflammatory

rheumatism at twelve years of age in knees and elbows; recurring

tonsillitis; tonsillectomy five years ago.

:t.-''-: I'-i:
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Examination. Right heart 3| cm. left 12 cm. midsternal Hne.

Arrhythmia (extrasj'stoles) left border just outside nipple line.

Electrocardiograph. Auricular extrasystoles in all leads arising

in neighborhood of pacemaker, number possibly increased after

atropine.

Summary. Chronic postinfluenzal myocarditis, with localization

in the auricle, resulting in auricular extrasystoles. Duration
seventeen months. Group III.

Discussion. The above cases, cited as examples from a larger

group, are offered as evidence that the acute epidemic respiratory

infections known as influenza, cause damage to the cardiac mechan-

ism, which may be demonstrated clinically and electrocardio-

graphically. As observed by the latter method these infections

aft'ect, for the most part, the auricle and conduction pathways of the

heart, although clinically it may be supposed that ventricular

involvement also occurred. Unfortunately no gross or microscopic

pathologic material was available for study. Cases IV and V,

in which hemolytic streptococci seemed to be the predominant

etiologic organisms, are strikingly similar to Cockayne's cases of

influenzal poisoning of the sino-auricular node and auriculoventric-

ular bundle, thereby substantiating the influenzal involvement

of the auricle and the His bundle.

One feels justified in concluding that at least in a certain per-

centage of cases, acute influenza (streptococcus) picks out early

and to a degree exclusively the auricle and conduction pathways.

Barker's^ recent interesting case of arrhythmia with auricular

involvement following focal infection may still further broaden

our views as to the general point of attack of infectious agents and

poisons on the cardiac mechanism.

Conclusions. 1. Six cases of postinfluenzal myocardial involve-

ment are reported, involving particularly the auricle and conduction

pathways of the heart.

2. From a survey of the literature together with clinical and

electrocardiographic studies, a grouping of postinfluenzal cardiac

complications is offered as follows:

I Cardiac Arrhythmias, Arch. Int. Med., 1919, xxiii, 158.
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(a) Fatal cases showing acute parenchymatous degeneration and

vacuolization of the myocardium.

(6) Non-fatal, acute cases, showing involvement of auricle and

conduction system during height of infection, with complete restora-

tion to normal cardiac mechanism with subsidence of infection.

Duration two to six weeks.

(c) Non-fatal chronic cases with arrhythmia and involvement

of the auricle persisting and causing partial invalidism long after

subsidence of acute infection. Duration twelve to seventeen

months—plus.

3. Suggestion is offered that acute respiratory infections (Influ-

enza, Streptococcus) single out early the auricle and conduction

pathways of the heart.^

Appreciation to several members of the Hospital Staff is herewith

offered, for permission to publish curves of their cases, and in

particular to Miss Marguerite Collver, laboratory technician, for

invaluable aid in the preparation of this material.

1 Probably the infections affect the whole heart similarly (c/. microscopic studies

of auricle and ventricle), but due to other factors, such as thinness of the auricular

wall, presence of ganghon cells or other unknown conditions, disturbances of auricle

and conduction pathways first become evident.



A CASE EXHIBITING SLOW AURICULOVENTRICULAR
RHYTHM AND PAROXYSMAL TACHYCARDIA

WITH UNUSUAL ABILITY TO INTER-
RUPT THE FAST RATE *

By M. H. FUSSELL, M.D.,

AND

C. C. WOLFERTH, M.D.
PHILADELPHIA, PA.

Introduction. Tracings from clinical cases exhibiting auriculo-

ventricular rhythm are comparatively rare, although the reports of

Belski/ Cowan, Fleming and Kennedy,- and Hume^ suggest that

the condition is not uncommon, at least as a transient manifesta-

tion, in certain more or less acute diseases which especially attack

the heart, such as diphtheria, rheumatic fever and subacute endo-

carditis. It is undoubtedly rare in chronic cardiac disease and is

usually, but apparently not always, associated with extensive

myocardial involvement. It may also be produced experimentally

in normal individuals by various disturbances of the inhibitory

apparatus.

Engelman* in 1903 first produced auriculoventricular rhythm

experimentally in the frog by applying a ligature between the sinus

venosus and auricle. Lohmann^ in 1^04 was the first to obtain it in

the mammalian heart. Since that time a large amount of experi-

mental work has been done, culminating in the studies of INIeek and

* Cardiographic studios from the William Pepper Laboratory of Clinical Medicine,
University of Pennsylvania.

1 Ztschr. f. klin. Med., 1909, Ixvii, 67. 2 Lancet, 1912, i, 227.
3 Heart, 1913, No. 1, v, 25.

* Arch. f. Anat. u. Physiol. Phys., Abth., 1903, p. 505. ^ ibid., 1904, p. 431.
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Eyster/ ^ who proved the actual auriculoventricular nodal origin

of the rhythm by the method of initial negativity. These investi-

gators, working on dogs, concluded that the inherent automaticity

of the auriculoventricular node, although subject to wide individual

variations, averaged about two-thirds that of the sinus node; when

impulses did not arrive from above at a more rapid rate than they

were being formed at the auriculoventricular node, the latter tended

to assume the cardiac autonomy.

Experimentally produced auriculoventricular rhythm may be

classified into two types, according to the method of production:

Type I, which has been most studied, is produced by depression

or abolition of automaticity at the sinus node, or interference with

conduction of impulses to the auriculoventricular node. Conse-

quently, it is a relatively slow rhythm. T^'pe II, brought on by

exaltation of automaticity of the auriculoventricular node, was first

produced by Rothberger and Winterberg^ by stimulation of the left

accelerator nerve. It is therefore relatively more rapid than sinus

rhythm.

The above-mentioned types of experimentally produced auriculo-

ventricular rhythm, according to Lewis'^ classification, are of the

ecto"pic hemogenetic type. Most of the clinical cases are also of this

type. The majority are due to depressive influences exerted above

the auriculoventricular node, although some are doubtless aided

in their production by the effect of accelerator influences on the node.

As far as we are aware, no clinical case of the homogenetic type has

been demonstrated to be due solely to acceleration of auriculo-

ventricular stimulus production, although thework of Rothberger

and Winterberg would seem to show that such a case would be

theoretically possible.

The junctional paroxysmal tachycardias, although ectopic heter-

ogenetic rhythms and consequently of fundamentally different

character, are also classified as auriculoventricular rhythms. This

group is rare, eight probable cases being reported. The charac-

teristics of paroxysmal tachycardia distinguish them from homo-

» Heart, 1914, Xo. 3, v, 227. ' Arch. Int. Med., 1916, No. 6, xviii, 775.

3 Arch. f. d. ges. Physiol., 1910, cxxxv, 5.59.

* Quart. Jour. Med., 1913, No. 22, vi, 221.
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genetic rhythms, but it has been impossible to differentiate abso-

lutely some of the cases of junctional origin from paroxysmal

auricular tachycardia with delayed conduction, as in Lewis'^ second

case. Lewis'- first case and Cohn's^ case, however, appear to be

clear-cut and establish the condition as an entity.

The case we have to report shows the following features of interest:

1. The length of time shifting of pacemaker back and forth

between the sinus and aiu-iculoventricular nodes was observed.

2. The variations in rate during aiu"iculoventricular rhythm.

3. Alterations in As-J's relations.

4. Attacks of paroxysmal tachycardia with unusual ability on the

part of the patient to interrupt the fast rate.

5. The unusual behavior of the heart following the interruption

of the tachycardia.

6. The resemblance of the tracings of the tachycardia, in a case

which had previously shown auriculoventricular rhythm, to those

of junctional paroxysmal tachycardia.

Report of Case.—Mrs. F. R., aged sixtj'-two years. Seen December 21

at Hospital of the University of Pennsylvania.

Chief Complaint. Palpitation of heart. The patient states that she has

had attacks of palpitation of the heart since childhood. At that time she

would get attacks of rapid heart beating after severe exertion. These

attacks lasted a few minutes and disappeared quickly; She neB'ertheless

took part in the ordinary plays of childhood. Gradually these attacks of

palpitation have increased. For the past two \'ears she has been practically

invalided. The attacks begin often by clutching in the throat, which she

saj's last two daj^s. Occasionally this would arouse her out of her sleep,

and at that time she w^ould have sudden palpitation. This sudden palpita-

tion makes her faint if she attempts to rise. Occasionally she has blackness

before her eyes. From the very first of these very severe attacks of cardiac

palpitation, the action could be controlled if she would hold her breath for a

considerable length of time. When they could not be so controlled, when
they ended they would end suddenh' just as they began suddenly. Occa-

sionally preceding an attack she would have dimness of vision. Sometmies

they would come on after walking, sometimes, as has been said, in her sleep.

She has had slight swelling of her legs. Vertigo rather constantly, and ver-

tigo always accompanies the severe cardiac distress. She has shortness of

1 Heart. 1910, Xo. 2, ii, 127. 2 Ibid., Xo. 4, i, 306.
« Ibid., Xo. 2, ii, 170.
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breath on the least exertion lately. Within the past six months she has

been considerably worse and came to the hospital for rest. She has some

aching in the region of her heart but no distinct pain. If an attack of palpi-

tation of heart came on while she was walking she could usually reach home
from a moderate distance, but with difficulty.

Physical examination shows the eyes entirely normal. There is no arcus

senilis. There is slight edema of the skin over the body. Nothing abnormal

noticed about the ears. There was no glandular enlargement. She had

some capped teeth, but apparently the teeth in general are in good condition.

Her neck and throat are normal.

Chest is normal in shape. She is spare for a woman of her general size.

There is marked pulsation of the vessels of the arms and neck. Expansion

of the chest is normal. Abdomen is normal in shape.

Cardiac impulse is feeble. Apex-beat is best felt just inside of the nipple

line. Dulness of heart is right edge of sternum, upper border of third rib

and midclavicular line. There is a loud systolic murmur over the aorta and

midsternum, and also over the region of the apex. Tliis murmur is con-

ducted into the axilla. During this examination there is no arrhythmia.

The first sound is almost totally replaced by the murmurs. Second sound

is not unduly accentuated.

Lungs are entirely normal and abdominal examination is entirely normal.

At this first examination her heart was beating at about fifty per minute

and was perfectly regular. On January 6, 1920, she was seen in attack of

tachycardia. Cardiac impulse was diffuse, but the dulness was apparently

not increased. On auscultation the heart's action was regular, the murmur,

which was loud during the slow action of the heart, was difficult to hear.

She was Ssked to hold her breath, wliich she did, and immediately after one

or two attempts of interruption of the rhythm the heart slowed down and

continued while the examiner was in the room, at the rate of about fifty a

minute.

All of the laboratory tests were normal.

The clinical points noticed in the case were, first, apparently the case was

one of ordinary paroxysmal tachycardia in a heart which between the

paroxj'sms acted slowly. Again there was the unusual ability for her to

control the attacks of paroxysmal tachycardia by holding her breath, and

the time between the first slow beats seemed to the examiner unusually

long, as though some block were occurring. After about two weeks' rest

in bed her heart slowed down and the patient left the hospital on January

31, 1920, very much more comfortable, and had not had an attack of

tachycardia for two weeks.

She went from Philadelphia to Montrose, Pa., in a comfortable car,

developed a severe distressing cough with fever and began in about a week

to manifest signs of cardiac decompensation. She was seen in Montrose
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with a typical attack of decompensation, heart beating about 160, dyspnea,

large liver, edema of the lungs and finally death in two weeks after the

beginning of this condition. Xo autopsy was held.

Observatioxs ox the Slow A^RIC^L0^ENTRICULAR Rhythm.

Tendency for the rh\-thm to alternate between the sinus node and the

auriculoventricular node. During the entire period of four weeks,

while electrocardiographic studies were being made, a constant

shifting of the pacemaker back and forth between the sinus and

auriculoventricular nodes was observed, except during the periods

of tachycardia. Tracings show two to twenty cycles of normal

rh\i:hm, followed by transition to the slow rhj-thm, then abrupt

change to the normal rh\i:hm again. The periods of auriculo-

ventricular rh^-thm observed varied from about thirty seconds to

at least several minutes. Absolute rest and quiet favored longer

periods of slow rhislhrn. ISIild excitement, such as caused by

applying electrodes, increased the frequency of periods of normal

rhythm. Pressure on the vagi or ocular pressure sometimes cause

shifting of the pacemaker back to the sinus node, but the results

were inconstant. Once a slight cough was followed instantly by

return of normal rh^iilim, sometimes deep breathing produced the

same result. Under varying amounts of atropin,^ the tendency for

the pacemaker to shift spontaneously was not abolished.

Variations in Rate During Auriculoventricular Rhythm. The

transition to auriculoventricular rh^-thm was sometimes preceded

by a slowing of the sinus rhythm (Fig. 2 A and 2 B) sometimes came

on following an auriculoextrasystole (Fig. 1 .1), but frequently

occured abruptly (Fig. 1 B) without preceding slowing of sinus

rhN'thm or extrasystole. As a rule, after two or three cycles, with

increasing R-R intervals, the rate reached 30 to 45, and with minor

variations tended to increase gradually until eventually it became

fairly steady around 50 to GO, until the onset of the next period of

sinus rhythm.

Owing to the spontaneous variations in rh\'thm the case was not

favorable for study of changes due to vagal influences. Pressure

1 Atropin sulphate was administered by mouth, gr. ^Jj q. i. d. for one day and
t. i. d. the next four days. All statements iu respect of atropinefTect refer to obser-

vations made during this period.

Am Phys 13
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on the neck, ocular pressure and deep breathing produced no appreci-

able change except in so far as they sometimes initiated sinus rh}i:hm.

The atropin administration also was without apparent effect on

the rate of the auriculoventricular rh\i:hm.

The Relations of Auricular SyMole to Ventricular Systole. A slight

depression of conductivity, which was not abolished by atropin,

was noted in all the tracings, and at no time during sinus rhjihm

was the P-R interval shorter than 0.2 seconds. In Fig. 1 it varies

but reaches a maximum of 0.27 second. In connection with the

onset of auriculoventricular rhythm the P-R interval shows an

immediate slight decrease. In general, after maintaining this

relation for a few cycles, P gradually approaches R until it becomes

lost in the Q R S group, sometimes emerging again to the left for a

few cycles (Fig. 2 B, last cycle). The changes in P-R intervals

occur usually in relation to changes in rate, the intervals decreasing

toward zero as the rate increases. However, this relation is not

constantly observed. P'ig. 1 A shows R-P intervals, and .was the

only tracing in which they were obtained.

Neither pressure on the vagi, ocular pressure, deep breathing nor

the administration of atropin produced any appreciable changes in

the relation of P-R.

Observatioxs on the Tachycardia and the Interruptions

Produced by the Patient. The tracing shown in Fig. 3 was taken

during one of the paroxysms of tachycardia. The rate was about

135, the rhythm regular and the ventricular complexes, with minor

differences in Lead II, are similar to those occurring during Sinus

rhythm, except for the presence of the P wave between the Q R S

group and the T wave.

The patient for years had been able to inhibit the tachycardia

temporarily, and occasionally terminate an attack by taking a deep

breath and holding it. This maneuver was not always successful,

but frequently a cycle of events, of which Fig. 4 shows an example,

occurred. After the breath was held from ten to fifteen seconds the

tachycardia would terminate suddenly, sometimes with a moderately

long pause followed by an isolated contraction, then an extremely

long pause of from four to five seconds (Fig. 5 .1), while sometimes

the longest pause would occur immediately after the interruption of
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the tach}'cardia (Fig. 4). Following the long pause, contractions of

supraventricular origin but showing no evidence of P wave, occurred

irregularly with single contractions or short runs of sinus origin

interspersed. When the period of interruption lasted longer a

fairly regular slow auriculoventricular rhythm became established,

interrupted by short runs of sinus rhythm, similar in every way to

the behavior of the heart observed apart from the paroxysms of

tachycardia.

The position of the P wave with reference to the ventricular

complex during ofi'set and onset, and during the period of interrup-

tion is of some interest. Figs. 5 A and 5 B show no evidence of

auricular activity within the last ventricular complex before the

offset. In Fig. 5 A the first cycle after the offset has a P-R interval

of 0.38 second. In Fig. 4 during the interruption the longest P-R
interval, observed in cycles of sinus origin, is 0.28 second. The

tachycardia is initiated again by a cycle with a P-R interval of 0.37

second.

Comment. The Slow Rhi/thm. While frequent alternations of the

pacemaker back and forth between the sinus and auricular nodes

has been observed in several cases, usually, as in those reported by

Lrcwis^ and Laslett,- the rates of stimulus production in the two

centers are fairly close, so that Laslett's suggestion of variations

in vagal tone, as the determining factor in the shift, might well

apply. In our case attempts at stimulation of the inhibitory

apparatus appeared to have some effect, but not a constant one, in

bringing about a few cycles of sinus rhythm, or at least hastening

the recurrence of such a period; however, the sinus rhythm would

not persist whether stimulation l^e continued or not. On the other

hand attempts to remove inhibitory control by atropin did not

abolish the shifting back and forth of the pacemaker. The very

slow rate following the sinus rhythm revealed the fact that the

ability to produce stimuli in the sinus node must have been almost

if not completely exhausted temporarily, and despite any nervous

influences that could be brought to bear, required at least some rest

to bring about a restoration of the function. The main effect of

1 Quart. Jour. Med., 1913. No. 22, vi, 221. ' Heart, 1910, No. 1, vi, 170.
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nervous influences was apparently to alter the length of the period

before the node became able to discharge impulses again.

Changes in relation of auricular systole to ventricular systole

during auriculoventricular rhythm have been studied experimentally

t I

'^0^0^

.u^^uik^^iki^ ^iA^iL^u^liiU^u^VldU^^^l^u
•S • •• L-. 2

l^.r

^A^/W/M?^/ta.yw/w/V^,

:.*. 3

yWvA*ii%S(*^vA-i*^Ai*Ai»v^vA^

^ilUUUULJU^^ii^JUUXii^ik.^.A.^i^JLi^^JULi^
Fig. 3.—Taken January 3, 1920. Shortlj* after the onset of the tachycardia.

P wave between Q R S complex and T wave in all three leads.
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by several observers. Hering^ suggested that they were due to

migration of the pacemaker, Zahn-' and Meek and Eyster^ demon-

strated that migration of the pacemaker was accompanied by change

in As-]^s intervals. According to the latter, coronary sinus rh}i:hm

was accompanied by only slight shortening of As-Vs time, but when

the impulse arose in the lower or ventricular portion of the node the

ventricles might contract even before the auricles. Lewis, White,

and .Meakins^ have shown that reversed block might also account

for changes in As-Vs relations during auriculoventricular rhythm,

not only to the extent of producing Vs-As intervals but to failure

of transmission of impulse back to the auricles. White,^ in his

clinical case was able to increase R-P intervals by vagal stimulation

and by digitalis and to decrease the intervals lengthened by digitalis

through the administration of atropin. These effects were pro-

duced presumably by modifying reversed conduction. In those

clinical cases without depression of conductivity, spontaneously

changing As~Vs relations are probably dependent largely if not

wholly on migration of the pacemaker. Weil*^ ascribed the altera-

tions in P-R intervals observed in his tracings to this factor.

In our case the facts suggest that both migration of the pace-

maker and depressed conductivity are involved in the changing

As-Vs relations as seen in Figs. 1 A and 1 B. Explanation on the

basis of independent auricular and ventricular contractions falling

near each other is easily excluded, for even if it were granted that

both auricles and ventricles might be contracting at the same slow

rate it would be unreasonable to expect them to maintain their

relations in view of the irregularities in rhythm that occur.

P-R intervals up to 0.27 second during the sinus rh\'thm evidence

well-marked depression of conductivity. The fact that P-R inter-

vals during the early cycles of auriculoventricular rhythm may still

be 0.20-0.21 second (Fig. 1 A and 1 B) demonstrates that the

principal defect in conductivity lies beyond the point of formation

of impulses, consequently a slight forward block is evident. But

even complete recovery of conductivity could not account for the

> Arch. f. d. Res. Phvsiol., 1910, cxxx\d, 446. 2 Ibid., 1913, cli, 247.

3 Heart, 1914, No. 3, v, 227. '' Heart, 1914, No. 3, v, 289.

6 Arch. Int. Med., 1915, No. 4, xvi, 517.

6 Deutsch. Arch. f. klin. Med., 1914, cx\-i, 486.
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development of R-P intervals. On the other hand, numerous trac-

ings taken later, when conductivity was improved, as in Figs. 2 A
and 2 B, show not only shorter P-R intervals at the beginning of the

auriculoventricular rhythm but no R-P relations at all. Conse-

quently the only explanation that seems adequate to account for

the facts observed is the assumption that the region of the defect of

conductivity is within the aiu'iculoventricular node; at the beginning

of auricular rhythm it lies beyond the pacemaker and slight forward

block is present; but by the migration of the pacemaker to lower

levels of the node it is passed and slight reversed block occurs.

The Tachycardia. The tracings shown in Fig. 3 admit of two

possible interpretations: (1) Paroxysmal junctional tachycardia

with R-P intervals or (2) paroxysmal auricular tachycardia with

delayed conduction. The explanation is furnished by the tracings

showing interruption and onset of the rhythm (Figs. 4, 5 A and 5 B).

The last ventricular complex before offset shows no P wave as it

would if the rh\i:hm were of junctional origin, while the onset is

initiated by a cycle with a P-R interval of 0.37 second, demon-

strating that conduction is delayed sufficiently for the auricular

systole of a particular cycle to fall within the ventricular systole of

the preceding cycle during the tachycardia.

The fact that conduction is so much more delayed during the

tachycardia than occurred with sinus rhythm is not to be explained

in this case on the basis of depression of conduction due to more

freciuent transmission of impulses. The first cycle of tachycardia

shows the same marked delay in comparison with the contractions

of sinus origin that occur just before it (Fig. 4). The same delaj^ed

conduction is seen when auricular extrasystoles interrupt either

sinus or auriculoventricular rhythm. (Figs. 1 A and 1 B). The

probable explanation is furnished by the work of Eyster and Meek,^

who show that conduction from the sinus to the auriculoventricular

node occurs normally not by spreading of the impulse through the

mass of auricular tissue but by specialized conduction paths; while

conduction by the auricle may be accomplished it is difficult and

prolonged. Consequently, whether ectopic auricular impulses are

carried to the auriculoventricular node either through the mass of

auricular tissue or back to the sinus node and thence through the
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sinoventricular conduction paths the As-Vs time might be pro-

longed.

The mechanism by which the patient was able to interrupt the

tachycardia was not clear. It has long been known that stimulation

of the inhibitory apparatus may interrupt a paroxysm of tachy-

cardia, but as shown in the cases studied by Cohn and Eraser^

this usually occurs promptly. We were unable to initiate the change

by pressure on either vagus or by ocular pressure. Carter and

Wedd^ exhibit tracings in which the tachycardia was thought to be

interrupted by the aid of some voluntary effort on the part of the

subject. In our case the fact that holding the breath for at least

ten to fifteen seconds was necessary, raises the question as to whether

slight asphj'xial influences might temporarily depress the irritability

of the ectopic focus in a heart with evident advanced myocardial

disease and doubtless a precarious blood supply.

The unusual behavior of the heart following the interruption of

the tachycardia—which, so far as we are aware, is unique—was

probably due, in part at least, to the easy exhaustion of stimulus

production in the sinus node, which was pointed out above as the

principal factor concerned in the shifting back and forth of the pace-

maker during the periods of slow rhythm. Whether still further

depression of the sinus node was caused by the same mechanism that

depressed the irritable focus in the auricle could not be determined.

Evidently, however, the automaticity of the auriculoventricular

node was markedly disturbed and required time for its recovery so

that regular auriculoventricular rhythm could be established only

during the longer periods of interruption of the tachycardia.

SrinL\RY. A case is reported with a history of attacks of paroxys-

mal tachycardia occurring over a period of more than forty years;

an ability to interrupt the fast rhythm with temporary cessation of

cardiac activity; periods of slow rhythm with interspersed short

runs of about the normal rate; abundant clinical evidences of

myocardial disease and with slight decompensation.

The electrocardiographic tracings showed left ventricular pre-

ponderance, depressed conductivity, periods of sinus rh\'thm alter-

» Heart, 1913, No. 1, v, 93. « Arch. Int. Med., 1918, No. 5, xxii, 571.
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nating with auriculoveutricular rhythm, and auricular paroxysmal

tachycardia.

Observations were made in respect of the alternations of the

pacemaker between the sinus and auriculoventricular nodes, varia-

tions in rate, relations of auricular systole to ventricular systole; the

significance of these phenomena was disucssed.

The paroxysmal tachycardia was determined as auricular in origin

by analysis of curves of offset and onset. The method by which the

patient obtained interruption of the tachycardia was described, and

an attempt made to evaluate the factors responsible for the behavior

of the heart during the period of interruption.



NON-DIALYZABLE BILE PIGMENT IN PLASMA

By :\i. a. BLANKENHORN, M.D.
CLEVELAND, OHIO

In making a more or less extensive investigation of the various

clinical types of jaundice, I attempted several years ago to separate

bile salts from the blood by dialyzing oxalate plasma through

collodion membranes into water. I observed that in some instances

bile pigment could be dialyzed readily, while from other specimens,

even though plenty of bile pigment was present, none of it would

dialyze.

At a previous meeting of this Association, I reported^ that I had

found both dialyzable and non-dialyzable bile pigment in blood

—

non-dialyzable alone in the milder grades of jaundice, and

both dialyzable and non-dialyzable in the more severe grades

of jaundice. I also reported that, when dialyzable pigment was

present in the blood, bile pigment was usually found in the urine;

and when no pigment could be dialyzed from the blood, none would

be found in the urine. There have been very few exceptions to the

rule that bile pigment of the blood diffuses through collodion

membrane whenever it goes through the kidney.

This method of study has disclosed many cases of acholuric

jaundice, some so faintly jaundiced that a chemical test of the

plasma with nitric acid was the only evidence of jaundice, others

so very yellow that the absence of choluria demanded explanation.

In a very few of the latter cases, impairment of kidney function

could be admitted as a possible cause. In others, where no defect

in kidney function could be found, it was assumed that something

> Blankenhorn, M. A.: Distribution of Bile in Certain Tj-pes of Jaundice, Arch.

Int. Med., 1918, xxi, 282.
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peculiar to the conditions of cholemia determined the retention of

pigment. This report, then, deals with the nature of such bile

pigment as could not b^ dialyzed from the })lood plasma and did not

appear in the urine. Forty specimens were investigated. They

were in every case oxalate plasma, free from hemolysis, obtained

from patients that were admitted to the medical wards for study

and treatment. In every instance the urine was examined for bile

and an inspection of the skin and sclera? made for jaundice. Also

jaundiced specimens of plasma were fabricated in the laboratory by

adding various amounts of fresh gall-bladder bile to freshly obtained

oxalate plasma. It was found that, when sufficient gall-bladder

bile was added to give the plasma a deep yellow stain, the plasma

when dialyzed in water would give up only a part of the bile pigment,

and that prolonged dialysis in running water would not completely

decolorize the plasma to its original condition. The amount of

pigment thus remaining undialyzable is quite variable. It was also

found that, when colorless plasma was placed within the collodion

sac with a dilute aqueous solution of gall-bladder bile surrounding

the sac, the bile pigment would penetrate the membrane and stain

the plasma, but subsequently could not be completely removed by

dialysis.

Jaundiced plasma obtained from patients was dialyzed into

small amounts of w^ater to determine the presence of any dialyzable

pigment, and if any was found the plasma was then dialyzed for

twenty-four hours in running water, the non-dialyzable residue

being preserved. In no instance was it possible to completely

decolorize plasma by dialysis. But there was quite a wide variation

in the amount of undialyzable residue in different specimens.

It was found that, when the proteins were removed from plasma

by coagulation with heat, the coagulated proteins were stained

yellow or yellowish green, and that when only non-dialyzable pig-

ment was present, coagulation of the plasma and filtration removed

all of the color. In plasma that contained dialyzable as well as

non-dialyzable pigment, coagulation by heat and filtration did not

remove all color. However, after such specimens were dialyzed

with running water for twenty-four hours, thus removing all dialyz-

able pigment, and then coagulated with heat, filtrating would remove
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all of the color. It was then apparent that non-dialyzable bile

pigment is associated with the protein of the plasma. When the

protein of the plasma was removed by salting out and then pre-

cipitated, the precipitate was found to be yellow or green, depending

on the amount of pigment present. After complete precipitation

by salting out, the filtrate would be entirely colorless and give no

biuret reaction. When proteins were salted out fractionally^ by

ammonium sulfate, all three elements—euglobulin, pseudo-globulin,

and serum albumin—were found to be pigmented.

Heat-coagulated proteins can be washed with water, dilute acids

and alkalies without losing any of their pigment. When extracted

with alcohol, the pigment is quickly and entirely removed, and can

then be identified as bile pigment by the various color tests. No
pigment can be removed by prolonged extraction with ether or petro-

leum ether. Strong acids or alkalies may dissolve the coagulated

proteins or destroy their added pigment, but they do not extract

the pigment unchanged as does alcohol.

Precipitated proteins which are stained by bile pigments behave

in the same manner to solvents

—

i. e., they give up their bile pigment

only to alcohol, and not to dilute acids and alkalies or to ether and

petroleum ether.

When heat-coagulated proteins or precipitated proteins are acted

upon by pepsin, they go into solution readily and still retain their

yellow or green color. When dialyzed in this form, a certain

amount of bile pigment will dialyze, but not until some of the pro-

tein—probably peptone—is dialyzed; that is, the undigested protein

together with its pigment does not dialyze at all, but when acted

upon by proteolytic enzymes, metaproteins are formed which are

more diftusible but which apparently retain their stain of bile

pigment. In no instance was any staining substance found in the

plasma which could not be coagulated out by heat and precipitated

by salting out. It would appear, therefore, that non-dialyzable

bile pigment in the blood is combined with the proteins by absorp-

tion—like a colloid stained by a dye.

In a previous report I offered the suggestion that acholuric

jaundice might be explained by retention of bile pigments in the

' Marawitz, P.: Handb. der Biochem. des Men. u. d. Thiere, Part II, ii, 79.
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blood, but that such pigment was essentially different from that

which was readily dialyzed. I was led to believe this by noticing

that in obstructive jaundice, which is the simplest type of jaundice,

there is very little non-dialyzable pigment in the blood; but in

diseases of the liver, particularly of long standing, there is usually

a large amount of non-dialyzable pigment. This suggested that the

formation of non-obstructive jaundice was not simply a process of

pouring bile pigment into the blood stream, and that the pigment

by its elaboration in the liver was of a different nature from pigment

found in obstructive jaundice. However, on further study of the

various types of acholuric jaundice, this appearance of a different

pigment was not substantiated. It was noted however, that most

of the cases of acholuric jaundice have been jaundiced for a long

time. When severely jaundiced for a long time, there is a large

amount of non-dialyzable bile pigment; when mildly jaundiced for

a long time, there is a less degree. It is quite probable that the

retention of bile pigment can be explained as a staining of the blood

proteins, and that the degree of stain varies according to the con-

centration of the stain and the length of time that the plasma is

exposed to the stain.



THE PURIFICATION AND CONCENTRATION OF
ANTIGENS FOR COMPLEMENT FIXATION
BY METHODS OF DIALYSIS, ADSORP-

TION AND EXTRACTION

By AUGUSTUS B. WADSWORTH, M.D.

AND

FRANK MALTANER
NEW YORK

The complement-fixation test of Bordet and Gengou, with bac-

terial antigens on the serum of highly immunized animals, has been

of value in the identification of bacterial species, but it has never

been a practical aid in the diagnosis or prognosis of bacterial infec-

tion in man. Although the antigens which have been prepared from

syphilitic tissue and even from certain normal tissues have proved

to be of the greatest value in the diagnosis of syphilis, none of the

antigens which have been prepared from pure cultures of the spiro-

chete isolated from syphilitic antigens has been reliable. On

the contrary they apparently lack react.ve capacit'es that are char-

acteristic of the disease. Thus the nature of the complement-

fixation reaction of Wassermann is quite obscure.

The so-called "anti-complementary" or "non-specific" proper-

ties of the antigens which have been prepared from the pure

cultures of the incitants of the infection have made it difficult or

impossible to standardize the test so that the characteristic reac-

tions Avith the blood serum from cases of infection could be detected

or studied to determine the diagnostic or prognostic value.

Prior to his work on syphilis, Wassermann studied the comple-

ment-fixation reaction in tuberculosis but failed to prepare satis-

factory antigens from the tubercle bacilli. Recently a number of

investigators have reported diagnostic reactions in so many cases
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of tuberculosis that tliere can be no question that it is possible to

prepare antigens from the tubercle bacillus, and in certain stages

of the disease the blood serum gives positive reactions with them;

but it has not been possible to standardize the test so it is reliable

in the diagnosis of the disease or in the study of the development

of immune reactions in different stages of the disease.

We began our studies in 1917, with the primary object in view

of so Standardizing the preparation of the antigens that it would

be possible, first, to study the development of immune reactions

in experimental infection in animals and later, to determine the

diagnostic value of the test in human cases of the disease.

New methods of dialysis and absorption were used in the prep-

aration of the antigens by which the antigenic substances were

greatly purified and concentrated. The purpose of this preliminary

paper is to record these new methods.

The work may be divided into three sections: (1) deals with the

preparation of standard immune serums; (2) comprises the pains-

taking investigation of the antigenic properties of different frac-

tions of the culture to determine which of them should be selected

for the clinical study of the diagnostic value of the test or used for

further research with methods of purification or concentration;

(3) includes these new methods.

All the cultures were made in a beef infusion broth containing 1 per cent,

of Fairchild's peptone, 0.5 per cent, salt, 0.5 per cent, glycerin and titrated

to react 0.5 per cent, acid to phenolphthalein. The medium was sterilized

fractionally in the Arnold sterilizer. Mass cultures were grown in quart

or pint Blake bottles containing 100 c.c. of media at a temperature of 37.5° C.

The growth was taken for study in some cultures as soon as the pellicle had

become fully developed and in others as soon as growth ceased. After

filtration the residue of tubercle bacilli was washed with saline solution and

dried partly with blotting-paper. They were then desiccated over con-

centrated sulphuric acid or calcium chloride. The bacilli were pulverized

in a ball mill for about ten days. Tliis material was then extracted with

different substances, such as carbon disulphide, ether, chloroform and

carbon tetrachloride until all the fats and waxes had been removed. Various

antigens were prepared from these extractions and the fat-free residue was

then extracted with distilled water, saturated salt solution, sodium hydrate,

hj'drochloric acid and glycerin.

Am Phys 14
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The preparation of standard immune serums with these three

cultures was a prolonged investigation of experimental infection

and immunization of a large number of animals which was success-

fully carried on by Miss B. Johnston and will be recorded more

fully in another paper. It involved not only the testing of the

inoculated animals at frequent intervals but also a study of the

precipitation of the globulin fraction of serum. Finally, sufficiently

active immune serums were obtained from horses with all three

strains of the tubercle bacillus to give complete fixation of comple-

ment with the antigens which were arbitrarily selected to start

this work. One bleeding of the horses gave such a large quantity

of serum that titration of the comparative value of all antigens

could easily be made.

The results of the experiments in which the different fractions

of the culture were tested with the standard immune serums must

also be briefly summarized. The preparation of antigens by extrac-

tion of tuberculous tissues was unsatisfactory. The culture filtrates

were so anti-complementary that they could rarely be used. Of

all the extracts of the tubercle bacillus which have as yet been

tested in our experiments, glycerin and especially distilled water

produced the most active antigens. These active antigens were

selected for further study by methods of adsorption.

Animal charcoal and globulin (horse serum) were used to absorb

the substances possessing antigenic action. When animal charcoal

was added, the active antigens lost their antigenic properties and

it has been as yet impossible to recover from the animal charcoal

any of the antigenic properties. When globulin was added and

precipitated with CO2 and the precipitate extracted with alcohol

the substances possessing antigenic action with tuberculous

immune serum were absorbed and recovered in a greatly purified

and concentrated condition. . The so-called anti-complementary

action which all the original antigens possessed could not be

detected in the lowest dilutions of the alcoholic extract (1 to 10)

which could be used. The lytic action which some of the original

antigens possessed also disappeared.
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The teclinic tliat was used may be briefly summarized as follows:

The original antigen was dialyzed and horse serum, 1 part to 20 of antigen,

was added and allowed to stand in the incubator half an hour. The glob-

ulin was then precipitated by passing purified CO2 gas free from HCl through

the mixture for one-half an hour at 37° C. The globulin precipitate was

collected, and by shaking it with alcohol the antigenic substances were

extracted. The alcoholic extract was concentrated in a vacuum.

All the titrations were made in quantities of one-tenth the original

Wassermann test.

An extremely interesting observation was made when the culture

filtrates were studied. In order to eliminate all the dialyzable

substances which prevent the adsorption of the antigenic substances

by globulin, the culture filtrates were dialyzed for at least five

days. Tests of the antigenic properties at different stages of the

process revealed the fact that after dialysis the filtrate became

active as an antigen, and lost its anti-complementary action.

After precipitation with CO2 and extraction of the globulin pre-

cipitate much more active antigens were obtained. The most

active antigens, however, were those obtained by this method

from the distilled water extracts of the tubercle bacillus.

To illustrate the degree of concentration and purification:

broth filtrates which were so anti-complimentary that they gave

no " specific" fixation, after dialysis were not anti-complementary

and .02 c.c. gave one unit of antigen; that is, complete fixation with

the standard quantity of immune serum—two units as determined

by a previous titration with one of the crude antigens which were

used to standardize the immune serums. After adsorption and

concentration ,0003 c.c. gave a unit of antigen. The aqueous

extract antigens were anti-complementarj^ in doses of approxi-

mately .05 to .01 c.c. The results of purification and concentration

of these antigens are even more striking. Before dialysis .003 c.c.

of one of them contained one unit of antigen, after dialysis it was

no longer anti-complementary; but owing to the increase in volume

during dialysis, .005 c.c. contained one unit of antigen. After con-

centration .00015 c.c. contained one unit. Plxpressed in terms of

antigenic units in each cubic centimeter this is an increase from

333 to 6666.
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The results of preliminary experiments with antigens which are

used in the diagnosis of syphiHs indicate that these antigenic

properties may also similarly be purified and concentrated. These

new methods thus open up possibilities for more precise study of

many phases of infection and immunity than has hitherto been

possible.

DISCUSSION

Dr. Paul Lewis, of Philadelphia, said that he would like to ask whether

Dr. Wadswortli had found any indication as to whether alcoholic extract

comprised the whole of the antigenic character of the tubercle bacillus, or

was there anything in the residue which was injected. There was a differ-

ence between antigens of bacterial suspension and the alcohol extract.

Four hours' primary incubation was necessary to develop the full antigenic

value of the bacterial suspension. Was this the case with the alcoholic

extractive? He thought it usually developed its value in half an hour.

Dr. Augustus Wadsworth, of Albany (closing), said that their original

plan was laid out to determine that point and others, but he did not feet

as yet that they understood the full significance of this work. They were

just at the beginning of the investigation as regards physical conditions

and further facts might clear up that question. The filtrate after dialyzing

became active without any extraction. Simple removal of the dialyzable

factor removed that anti-complementary power. In the tests made by

them the complement, treated that way, acted in a similarly specific manner

to the antigen prepared from alcoholic extract after absorption from glo-

bulin. By diluting alcoholic extract 1 to 10, the action was similar to the

action of the filtrate.



THE ROLE OF THE ELECTROCARDIOGRAM IX PROG-
NOSIS: A STUDY LIMITED TO HEARTS UNDER
SINUS CONTKOL AND CONTRACTING AT AN

APPROXIMATELY NORMAL RATE

By JAMES D. HEARD, M.D.

AND

GORDON E. HEIN, M.D.
PITTSBURGH, PA.

Aid in prognosis has long been sought through an interpretation

of graphic records of heart-action currents. The vaKie of a correct

diagnosis as a basis for prognosis cannot be questioned. The nature

of an arrhythmia can be demonstrated through a study of electro-

cardiographic curves. Yet the profession has been slow to avail

itself of laboratory aids in the diagnosis and prognosis of irregularly

beating hearts. Physicians have been even less liable to seek informa-

tion in regard to those patients whose heart action is regular, espe-

cially if the heart-rate is not accelerated. Yet even in the latter

group of hearts the electrocardiogram may furnish important

information as to the state of the myocardium, information which

may be essential to the forming of a correct prognosis. The object

of the present paper is to attempt to assess the prognostic value of

information derived from the study of electrocardiograms obtained

from patients whose hearts were beating under the domination of

the normal pacemaker and at a rate which was approximately

normal.

Our records were collected in a general hospital in a large indus-

trial city. The patients who were electrocardiographed were nearly

all adults; the age incidence varied but the average was probably

less high than would be found in many hospitals of the strictly

charitable t\T)e. Patients were referred to the heart station from

various departments in the hospital and by outside physicians, the
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services of the heart station being equally available to all. The

following table indicates the source of the clinical material

:

Total number of patients examined .... 780
Medical service 480 61.5 per cent.

Gynecologic service 67 8.5 "

Dispensaries 49 6.2 "

Psychopathic service 29 3.7 "

Surgical service 11 1.4 "

Nose and throat service 4 0.5 "

Pediatric service 2 0.25 "

Genito-urinary service 2 0.25 "

Obstetric service 0.0 "

Unclassified as to service 80 10.0 "

Outside physicians 56 7.1 "

Number of cases excluded on account of ectopic

origin of heart-beat or of rapid rate . . . 220

Available for purpose of present study . . . 560

The following abnormalities of the electrocardiogram have been

considered,

1. Such distortions of the primary ventricular complex as are

usually associated with conduction defects below the bifurcation

of the main bundle.

2. Decreased amplitude of primary ventricular deflection as

existing in the absence of other marked distortion of the electro-

cardiogram.

3. Prolonged P-R interval.

4. Invert Ti.

5. Alternation of heart action currents or of the strength of pulse-

waves as registered upon the electrocardiographic plate by means

of a special device.

We fully recognize the limitations imposed upon us by the nature

of the material studied : in spite of these limitations we believe that

the study has not been entirely fruitless. The method carried with

it at least one definite advantage—the elimination of the element

of expectant attention.

I. Distortions of the primary ventricular complex have recently

been the subject of careful study.

Oppenheimer and Rothschild^ have called attention to the fre-

quent association of certain definite peculiarities of the Q-RS
deflections with a group of clinical conditions—arteriosclerosis,

1 Electrocardiographic Changes Associated with Myocardial Involvement, Jour.

Am. Med. Assn., August 11, 1917, Ixix, 429.
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coronary artery disease, syphilis—which are liable to be accom-

panied by degenerative changes in the heart muscle. These authors

made postmortem studies of the hearts of 14 patients from whom
electrocardiograms showing distortion of Q-R-S deflections of a

special type had been obtained during life. Disseminated sclerosis

which predominated in the endocardial and subendocardial layers

was found in all but one; the prognosis in the presence of the

described distortion of the electrocardiogram was believed to be

grave.

The electrocardiogram which these authors believed associated

characteristically with this type of myocardial involvement (which

results in "disturbed intraventricular conduction") is described as

follows

:

1. Abnormal prolongation of the time interval of the Q-R-S group

beyond the normal limit of 0.1 second.

2. Notching of the R wave.

3. Occasional low amplitude of the waves in all leads.

4. Absence of the typical diaphasic curves, with large Ti waves,

as found in experimental branch bundle block.

Carter- concludes that "the presence of a predominant sclerosis

of the terminal arborizations of the Purkinje system gives rise to

electrocardiographic curves of low amplitude associated with a

bizarre ventricular complex of a definite type. Curves of large

amplitude, essentially diphasic, may justly be regarded from

experimental evidence available, as indicative of a definite totally

obstructive temporary or permanent lesion of one of the branches of

the atrioventricular bundle. The presence of curves of low ampli-

tude, so characteristic of a diffuse sclerosis, did not, however, pre-

clude the existence of definitely localized focal lesions involving the

main stem and its branches."

Robinson,^ while accepting the conclusions of Oppenheimer and

Rothschild^ as applicable to a group of cases, has shown that a like

distortion of the electrocardiogram may occur occasionally as an

expression of what he believes to be temporary functional fatigue.

* Further Observations on the Aberrant Electrocardiogram Associated with
Sclerosis of the Atrioventricular Bundle Branches and Their Terminal Arborizations
Arch. Int. Med., September. 1918, xxii, 331.

' Significance of Abnormalities in the Form of the Electrocardiogram, Arch. Int.

Med., October, 1919, xxiv, 422.
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Willius^ states that arborization block is now generally accepted

to indicate disease of the subendocardial myocardium and evidences

serious functional cardiac disturbance.

Robinson's hypothesis added to the conclusions of Carter seems

to be a fair summary of the present knowledge of block below the

bundle of His.

A study of our records has convinced us that it is occasionally

impossible to classify distortion of Q-R-S by the criteria of Gppen-

heimer and Rothschild.^ Borderline records occur in which it is

only possible to assign the block to a point below the main stem of

the bundle. Furthermore, one cannot always prove that the block

arises as the result of histologic lesion. Thus we have been unable

to exclude the fatigue element in several of our cases, since some of

our patients have presented themselves for examination but once.

However, in no case have we noted a return to normal after the dis-

tortion of Q-R~S.

Our material consists of records of 19 patients, or a total of 3.4

per cent, of the patients with sinus rhythm. Sixty per cent, of the

patients were males. The average age incidence was fifty-seven;

the youngest patient was thirty-five years old. Most of the patients

presented the clinical picture of cardio-renal-vascular disease.

Syphilis is conspicuous by its absence. In only one case was a

positive blood Wassermann obtained, this patient having an aortic

insufficiency. In 10 cases the Wassermann was negative, as were

history and evidence gained by physical examination. No Wasser-

manns were taken on any of the 8 remaining patients. In none of

these was a clinical diagnosis of sji^hilis made, and in at least 2

of the 8 it is probable that the disease can be almost definitely

excluded.

Measurement of serial plates showed that the width of the Q-R~S
interval varied from time to time, as between 0.10 and 0.14 in one

patient and 0.16 and 0.20 in another. However, widening, having

once been established in a given case, the Q-R-S interval subse-

quently was never found to decrease below 0.1. The persistence of a

given form of distortion, as established by an individual, has been

striking at times. The following case is reported as illustrative:

^Arborization Block, Arch. Int. Med., April, 1919, xxiii, 431.
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W. H., male, aged seventy-three years. Admitted November 20,

1915, complaining of dizziness, weakness, dyspnea and swelling of

the feet. The diagnosis was cardio-renal-vascular disease. The
patient remained under observation for four years. He died a
cardiac death, December 11, 1919. No postmortem could be
obtained. Electrocardiographic curves on admission showed sub-

bifurcation block. The accompanying figures show that a change
in contour of curves occurred during the first sixteen months, with

but little change during the subsequent twenty-one months.

In regard to nearly all of the patients in this group there was

sufficient clinical evidence to enable one to make a diagnosis of an

underlying cardiosclerosis. That there are exceptions to this rule is

shown by the following case

:

H. J. M., male, aged fifty-seven years, clerk. Referred by an

oculist for relief from headache: no sclerosis of retinal Vessels;

palpable vessels unusually soft for age; no symptoms referable to

heart, which was apparently normal. Blood-pressure, 110-76. The
arteriogram showed slight irregularity of the height of the pulse-

waves but was otherwise normal; phthalein excretion (intravenous),

78 per cent, in one and a half hours; peridental infection; chronic

sinusitis; pulmonary tuberculosis. Of two electrocardiograms taken

at an interval of three weeks, both showed subbifurcation block.

The patient was markedly toxic during the period of observation.

Unfortunately an opportunity has not arisen to examine him at a

time when his heart muscle was carrying a lighter load. It is not

impossible that this patient might subsequently have a return to

normal contour of electrocardiogram.

Of our 19 patients, 9, or 40.7 per cent., are dead. Of these 6 lived

less than four months after block was demonstrated. One died

after a period of four years. Two are alive in whom the distortion

was noted forty-five and forty-eight months ago.

We believe that the above statistics are confirmatory of the grow-

ing belief that a definite deformity of the Q-R-S deflections is

often associated with extensive myocardial degeneration and that

this finding should be sought for as part of routine in the case of

patients showing evidence of cardio-renal-vascular disease. Prognosis

regarding this group of patients can usually be made by an experi-

enced clinician without laboratory help. However, the routine
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examination as carried on in a heart station may be of great value

by indicating that certain patients should be referred to an internist

before subjecting them to operation or discharging them from the

hospital. In occasional cases electrocardiographic evidence of myo-

cardial degeneration may occur in the absence of obvious signs of

the disorder. It should be remembered that subbifurcation block

may occur as a result of a temporary condition, such as overfatigue

or toxemia. Consequently, in doubtful cases repeated observations

may be essential.

II. Decreased amplitude of primary ventricular deflections may
exist in the absence of other distortion of the form of electrocardio-

gram. There may be considerable variation in the height of the

primary complexes in electrocardiograms of normal individuals.

Thus, Lewis^ found that if a series of curves be taken from a number

of active students the minimum in the three leads was 1 .5, 4 and 2

respectively, while the maximum was 10, 16.5 and 14 scale divisions.

The average of 59 students examined was: Lead I, 5.16; Lead II,

10.32; Lead III, 6.61. Nevertheless, Lewis believes that consider-

able divergence from what is regarded as normal probably indicates

that the heart is abnormal. White^ states that "not infrequently

one finds electrocardiographic evidence of a very weak myocardium

in cases with a regular pulse. This is shown by one of two findings,

a very low flat T wave (when one can rule out digitalis) and a small

excursion of all waves in all leads." He concludes that very small

deflections in all leads usually indicate a very weak myocardium.

Frazer^ noted, as a result of experimentally induced dilatation of

rabbits' hearts, that a diminution of the size of all the waves of

Q-R-S group was observed in degenerative conditions of the heart

muscle. Oppenheimer and Rothschild^ employed low amplitude of

the primary ventricular complex as one of the criteria for recognizing

the electrocardiogram which was associated with myocardial involve-

ment with a bad prognosis.

In selecting a standard for sorting of our electrocardiograms, we

' Clinical Electrocardiography, London, Shaw, 1913, p. 22-23.

« Diagnostic Value of Electrocardiography of Hearts Beating Regularly, Med.
Clinics of North America, January, 1920, iii, 1035.

' Changes in the Electrocardiograms Accompanying Experimental Changes in

Rabbits' Hearts, Jour. Exper. Med., September, 1915, xxii, 292.
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have accepted ten scale divisions as the average normal. This has

been done in full realization that each patient must establish his

own normal and that any standard is therefore an artificial one. At

most such deductions can be onlv inferential. Further sources of
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A. June 13, 191

B. February 3, 1917.

D. April 6, 1917.

Fig. 4.
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E. May 1, 1917.

F. May 15, 1917.

G. May 18, 1917.

Fig. 4a.—Decreased amplitude. Height varjdng with clinical condition during
period of eleven months; sudden return to normal amplitude nineteen days before

patient's death and at period when decompensation was profound. R. G., aged
seventy-eight years. Acute endocarditis, superimposed upon chronic mitral and
aortic vahoilar disease. Chronic myocarditis; pulsus alternans.

cardiograms gave normal deflections. In a small group of patients

there existed so striking a parallelism between lower amplitude and
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A. Pulsus alternans.

Fia. 5.

B. Pulsus alternans.

Fig, 5a.
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increasing myocardial insufficiency that the association could hardly

have been accidental in all of them.

Of our patients, 46, or 5.8 per cent., showed constant or occasional

low voltage in all leads; 56 per cent, were females. The age incidence

difi'ered widely. The mortality was relatively high: 17, or 36 per

cent., are dead. Of the total deaths, 76 per cent, occurred in patients

in the fifth decade.

C. Coupling due to premature beats; patient referred to heart station as case of

supposed alternation.

Fig. 6.—Type of tracing obtained by apparatus illustrated in Fig. 7.

The following case illustrates a changing amplitude exactly

parallel to the clinical condition at the time the records were taken.

It is believed that the electrocardiograms may be depended upon

as each record was checked by control patients.

E. F. D., male, aged twenty-four years, admitted February 3,

1920. Clinical diagnosis; pericardial effusion; at first serous; later

purulent. Effusion drained, April 14, 1920. The primary deflec-

tion of first electrocardiogram was eight scale divisions. This

record was taken at a time when the patient was able to walk about,

with apparent comfort. Subsequent curves taken at periods during

which the patient's clinical condition became progressively worse.

Am Phys 15



226 HEARD, hein: electrocardiogram in prognosis

showed a progressive diminution in amplitude to two scale divisions.

A final record taken during a period of improvement after operation

showed a return to wider deflections (four scale divisions)

.

That conclusions based on progressive decrease of amplitude

might result in error is exemplified by the following

:

R. G., female, aged seventy-eight years. Admitted May 11, 1916.

Clinical diagnosis: acute endocarditis superimposed upon chronic

mitral and aortic valvular disease; chronic myocarditis; pulsus

alternans. Clinical condition of patient became progressively worse

while in the hospital. Electrocardiogram on admission showed
normal height of deflections, ten scale divisions. Lead I. Patient

discharged November 2, 1916, no further electrocardiogram being

taken. Readmitted January 4, 1917. Patient died June 6, 1917.

Patient's clinical condition became progressively worse after second

admission. The amplitude of the primary deflections became
gradually smaller (from seven to one scale divisions). However,

there was one striking exception; a final electrocardiogram nineteen

days before death showed that the deflections had returned to ten

scale divisions.

III. Prolongation of the P-R interval over the normal of 0.2

second may be due to various causes such as acute infections, drug

action and degenerative processes affecting heart muscle. There is

considerable difference of opinion among observers as to the normal

P-R interval. Lewis^ states that "prolongation over 0.20 second is

never found in healthy hearts." Hecht^ regards 0.14 as normal;

F. N. Wilson^" accepts 0.17. Within certain limits each patient

sets his own standard. Cohn, Jamieson and Frazer^^ have shown

that digitalis can prolong the P-R interval. Hence unless digitalis

influence can be excluded, no conclusions as to prognosis can be

based upon prolongation of the P-R interval. Such deductions

could not be made in patients of our series since regarding most of

them no reliable history as to previous medication was available.

* Vide supra, p. 37.

9 Der Mechanismus der Herzaktion im Kindersalter, seine Physiologie und
Pathologie, Ergeb. d. inn. Med. u. Kinderh., Berlin, 1913, ii, 324; quoted by Rupe:
Mod. Med.. March, 1920, ii, 215.
" Recent Progress in Pediatrics, Resumfe on the Circulation, Am. Jour. Dis.

Children, 1915, x, 376, quoted by Rupe, Loc. cit., p. 215.

" The Influence of Digitalis on the T-wave of the Human Electrocardiogram,

Jour. Exper. Med., June, 1915, xxi, 593.
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On the other hand it is exactly in the type of patient in which a

prolongation of P-R interval might be expected that digitalis is

most liable to be administered.

IV. Since such inversion is always or nearly always pathologic,

according to Lewis^- inversion of Ti " is often associated with signs

or symptoms of ill omen." This author published figures'^ in which

an invert Ti, which followed temporary deformity of primary ven-

tricular complex, became upright when that deformity disappeared.

The first curve was taken during a febrile attack, the second, one

day later, after the subsidence of fever. Willius* states that a close

connection exists between inversion of Ti and disease of myocar-

dium. Cohn^i and his associates have shown that digitalis can

modify T in that a T which was upright in the initial curve may be

lowered first and finally inverted. Inversion of Ti has been noted by

White® in connection with h\T)othyroidism, the T "tending to become

more positive" in the presence of clinical improvement during thy-

roid feeding. Morrison^^ has noted that changes in the electro-

cardiogram following bleeding, hot-packs, ingestion of water and

fasting may in certain persons affect the form of the electrocardio-

gram. Harris^^ while admitting that digitalis may affect Ti, draws

definite conclusions on inversion of Ti as observed in 16 of 40

patients electrocardiographed in an out-patient clinic. The cases

electrocardiographed were selected on account of dyspnea on exer-

tion, fainting fits and edema. Apparently no history of previous

medication was sought, since no mention of absence of digitalization

is made in this author's text or accompanying table; yet Harris

has the temerity to conclude that "an invert T in the Lead I is'

reliable evidence of a damaged heart muscle."

Fifty-three cases in our series show inversion of Ti. In 26 of

these 7'i was inverted alone. In only 1 case was it possible definitely

to rule out digitalis. Hence we are unable ]to draw any deductions

as to the significance of invert Ti as personally observed.

'* Clinical Electrocardiography, London, Shaw, 1913, p. 28.
13 Idem, p. 29.

'< Changes in the Electrocardiogram due Possibly to Alterations in Blood Volume,
Proc. Soc. Exper. Biol., and Med., 1916-1917, xix, 64.

" Significance of an Inverted "T" in the First Lead of the Cardiogram, Lancet,
February, 1919, i, 168.
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V. From the standpoint of prognosis, alternation of the pulse, as

occurring in hearts beating at an approximately normal rate, is a

finding of extreme gravity. Unfortunately the electrocardiograph

is capable of recording only the alternation of heart-action currents.

The fact that curves showing such a disturbance of mechanism are

rare is confirmed by our series in which the finding was present

regarding but 0.55 per cent, of all patients examined. It is unfor-

FiG. 7.—Recording apparatus for reading pulse waves in connection with simul-

taneous electrocardiogram; used for detection of pulsus alternans. A, camera; B,

straw attached to cork float which rides on mercury; C, transverse arm of lever,

which rests on straw; D, upright arm of right-angled lever, which oscillates in

front of camera lens.

tunate that the electrocardiograph is incapable of demonstrating

he disturbance of mechanism underlying the alternating pulse,

since the latter finding, if sought for as routine, is found to be of

frequent occurrence. Obviously, the value of the string galvanom-

eter would be enhanced if it were possible to record simultaneously

electrocardiograms and pulse-waves. Our discussion of alternation

will be limited to the description of an apparatus which we have

devised to fulfil this indication.

The device which we are using combines the simplicity of the



HEARD, HEIN: ELECTROCARDIOGRAM IX PROGNOSIS 229

cuff method of Herrick'^ with the accuracy of the electrocardiogram

.

It therefore obviates the various sources of error of the former

while preserving much of its simplicity of application. Used by us

first only when a sphygmograph was not available, it is now used

as routine on all arteriosclerotic patients and on those exhibiting

premature contractions. The apparatus which is both time-saving

and inexpensive may be visualized by reference to the accompanying

illustration (Fig. 7).

The oscillations of the mercury column of a sphygmomanometer

are transferred to a right-angled lever, the upright arm of which

moves in front of the slit of the camera of an electrocardiograph.

The cuff of the sphygmomanometer is applied in the usual manner

and the tracing is taken at a pressure slightly below that ordinarily

accepted as the systolic pressure.

We claim no originality in the production of a combined electro-

cardiogram and pulse-tracing. Methods of producing such com-

bined records abound. It is even quite possible that other investi-

gators have employed the principle upon which our appliance is

based. As we have seen no reference in the literature to such an

application, however, we feel justified in describing it here. The

accompanying figures are illustrative of the results obtained.

Conclusions.—1. Electrocardiographic curves are capable of

furnishing important information as to the efficiency of the heart

muscle.

2. As cardiac failure is due to myocardial insufficiency the electro-

cardiograph can furnish information valuable from the standpoint

of prognosis.

3. Conduction defects below the bifurcation of the bundle of His

may be associated with a characteristic electrocardiogram. It is

often difficult to determine whether such defect is in the branch

bundle or in the terminal arborization. The defect may be functional

or it may be due to histologic change. In the latter case the prog-

nosis is grave.

4. Decreased amplitude of the primary ventricular deflections

is at times found to have a striking relationship to clinical evidence

of a failing heart. Exceptions to this relationship occur, and, rs

1^ Pulsus Alternans Detected by the Sphygmomanometer, Jour. Am. Med. Assn.,

February, 1915, Ixiv, 739.
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there are several possible sources of error in obtaining reliable curves,

observations should be carefully controlled and definite conclusions

withheld until the subject is further elucidated.

5. Prolongation of P-R interval and inversion of Ti have been

associated by various observers with degenerative processes in

heart muscle. A prolongation of P-R and an inversion of Ti can

also be brought about by digitalis action, and it is precisely in the

class of cases in which information as to the P-R interval and inver-

sion of Ti could be of value that digitalis is liable to have been

administered. Conclusions as to the condition of heart muscle as

based on the presence of one or the other of these deformities must

be confined to patients from whom digitalis effect can be excluded.

Analysis of our series has shown that digitalis effect can seldom be

excluded in such patients as are routinely referred to a heart station.

Hence, prolongation of P-R and inversion of Ti are liable to be of

little prognostic significance in such patients.

6. A discussion of pulsus alternans does not come properly within

the scope of this paper, since the underlying disturbance of mechan-

ism can seldom be demonstrated by the string galvanometer. This

fact is unfortunate, since the recognition of an alternating pulse

carries with it so grave a prognosis that the search for this finding

should be routine in certain classes of patients. A simple device is

described whereby galvometric curves and pulse waves can be

simultaneously recorded. This can be done with but little expendi-

ture of time, and the method has therefore become routine in our

laboratory.

7. The practical value of laboratory evidence as to the presence

of disease of the heart muscle is inversely proportionate to the skill

of the attending physician in interpreting clinical evidence as to

the imminence or presence of heart failure. Such skill is possessed

chiefly by the internist. Yet internists furnished 61.5 per cent, of

all cases examined. The statistics of other heart stations would

probably be similar. It becomes, therefore, the duty of the internist

to instruct members of other branches of the profession regarding

the necessity of more frequent use of instruments of precision in

the diagnosis and prognosis of disease of heart muscle.

Note.—^The authors acknowledge their indebtedness to Dr.

A. P. D'Zmiira for assistance in the preparation of this paper.
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This paper will give merely a preliminary presentation of results

of comparative analyses of blood and various body fluids. The

literature of the subject and conclusions on the several problems

involved will be deferred to a more complete later publication.

All figures in the tables represent milligrams per 100 c.c, with the

exception of the CO2 capacity, which is expressed in the usual form

of volume per cent. The creatinine analyses were performed by

Dr. Cyrus Field, to whom thanks are due for this aid. The term

"blood" is used for the sake of brevity in tabulation, but unless

otherwise specified, it is to be understood that analyses for urea

and creatinine were performed upon the whole blood, and those for

sugar, chlorides and bicarbonate (CO2 capacity) upon the oxalated

plasma. The methods used were as follows: For sugar, Benedict;

for chlorides, ]McLean-^^an Slyke-Donleavy; for CO2 capacity. Van

Slyke; and the urease method for urea.

I. ]\IlSCELLAXEOUS ANALYSES

Table I illustrates the unequal distribution of the different

substances in the different body fluids in a mixed series of cases

of diabetes, nephritis, vascular hypertension and arteriosclerosis.

No specific differences of distribution were found in the different

diseases.



TABLE I.—PARALLEL ANALYSES OF BODY FLUIDS.

Exam. Fluid.



SHERRILL, ALLEN: CHEMICAL STUDIES OF EDEMA 233

Spinal fluid is illustrated by Cases 1, 2, 3, 25, 26. The only rule

without exceptions is that the chloride concentration is far higher

than in any other body fluid, in accord Avith numerous analyses in

the literature. No fixed ratio, however, can be determined between

the two. In the majority of instances the other substances under

examination have a lower concentration in the spinal fluid than in

the blood, but exceptions occur and the ratios are very variable.

The fluid of a blister produced by cantharidal plaster was examined

in Case 19 and found lower than the blood in urea and chloride.

The series also affords 5 examples of ascitic fluid, one (No. 7) of

pleural fluid and 26 of limb edema. No law of distribution can be

deduced except that the ratio of concentration between the blood

and the extravascular fluid is highly variable. The closest similarity

and the most numerous instances of identical values are found in the

urea, but the observations do not support a commonly held con-

ception of a strictly uniform distribution of urea throughout the

tissues and fluids of the body. In a majority of cases the substances

with the strongest osmotic power, namely, the chlorides and the

bicarbonates, are in higher concentration in the fluid outside the

vessels than inside the vessels, so that the fluid might appear to be

held in the tissue spaces by the osmotic influence of the retained

salts. Opposite examples occur, however, in which the fluid appears

to be retained in spite of an osmotic influence in the opposite

direction.

II. Administration of Test Substances

The following experiments are of a different character from any

heretofore reported in the literature, and consist in oral administra-

tion of various substances followed by parallel analyses of blood and

edema fluid at short intervals. They were performed upon a Greek

patient, aged nineteen years, with so-called "nephrosis," charac-

terized clinically by very heavy albuminuria, marked edema which

resisted months of strictest salt-free diet, and moderate weakness

and anemia, along with a practical absence of other clinical symp-

toms, normal blood analyses and fairly good kidney functions in

tests on the Ambard principle, though the suspicion existed of a

specific impairment of water excretion.
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Experiment I. Glucose Test. (Cil\rt I.)

The patient drank a solution of 100 gm. glucose in 200 c.c. water,

fasting at breakfast time. Thereafter 200 c.c. water was given

hourly by mouth and blood and edema fluid collected. A rise of

the plasma sugar to 172 mgm. per 100 c.c. occurred at the end of

CO2 Capacity:

Edema fluid

Plasma

590 . .

Chlorides:

Edema fluid

Plasma

Urea:

Edema fluid

Blood

Sugar:

Edema fluid

Plasma

1 hr. 2 hrs. 3 hrs. 4 hrs. 5 hrs. 6 yrs. 7 hrs. 8 hrs. 9 hrs.

CHART I

three hours. The fasting values in this patient were normal, but

a lowered glucose tolerance is suggested by this hyperglycemia from

glucose and the slow return to normal in six hours. Glucose in the

edema fluid remained constant at 145 mgm. per 100 c.c. The

reason for this relatively high constant figure is unknown. The

chloride and bicarbonate concentration of the plasma fluctuated
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inversely to the curve of hyperglycemia. In the edema fluid the

concentration of bicarbonate changed only slightly and that of

chlorides not at all. The blood urea rose like the sugar, though the

peak of the curve came later. The urea concentration in the edema

fluid fell as that in the blood rose, then rose markedly as that in the

blood fell.

CO2 Capacity:

Edema fluid

Plasma

Creatinin:

Edema fluid

Plasma

Chlorides:

Edema fluid

Plasma

Urea :

Edema fluid

Blood

Sugar :

- Edema fluid

— Plasma

1 hr. 2 hrs. 3 hrs. 4 hrs. 5 hrs. C hrs. 7 hrs. 8 hrs.

CHART II

Experiment II. Saccharose Test. (Chart II.)

The program was as before, except that 100 gm. saccharose was
given instead of glucose. The plasma sugar rose from 109 to 123

mgm. per 100 c.c. at the end of two hours, then fell with fasting to
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101 mgm. The sugar in the edema fluid began at the remarkably

high level of 166 mgm. per 100 c.c, and inBtead of rising fell, especi-

ally between the fourth and fifth hours, so that at the end it was

slightly below the plasma sugar concentration. The urea concen-

tration in blood and edema fell at first, then held practically station-

ary. The creatinine and also the chlorides were practically unaf-

fected. The bicarbonate showed fluctuations in the plasma and

still more in the edema fluid, without any clear explanation.

Experiment III. Protein Test. (Chart III.)

A test with ingestion of 50 gm. protein was performed as described

by Jacobsen.^ The protein w^as taken in the form of lean beefsteak,

together with 200 c.c. water; 200 c.c. water was also taken every

two hours thereafter. As was to be expected the chief effect was

upon the blood urea, which rose steeply to the fourth hour, then fell

almost as sharply. The urea content of the edema fluid was barely

affected, the result being that though the concentrations in blood

and edema were close together at the beginning and end there was

a marked divergence in the middle of the digestive curve. The
creatinine was unaffected. The plasma sugar began at 100 mgm.

per 100 c.c, was scarcely altered in four hours, but rose to 131 mgm.

at the sixth hour. The edema sugar, as usual in this patient, began

at a higher level, namely, 128 mgm. per 10,0 c.c. It rose markedly

in four hours to 190 mgm., then fell to the usual fasting level.

Though no salt was taken with the meat the plasma chlorides rose

markedly between the second and fourth hours. The chlorides of

the edema fluid remained unaltered. The CO2 capacity of the

plasma rose, w^ith fluctuations, while that of the edema fluid rose a

trifle. To form some idea of the blood volume or concentration

the corpuscle volume was recorded after thorough centrifugation

and indicated dilution of the blood.

Still greater dilution of the blood was obtainable in this patient

in other tests with ingestion of nothing but large quantities of water,

while the body weight correspondingly rose. The urine secretion

in Experiments 1, 2 and 3 was so small that the patient was unable

to void at the close of any of them. It must therefore be recognized
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that the concentration of most substances in the plasma rose during

this dihition of the blood while the concentration in the edema fluid

did not, as a rule, suffer any corresponding fall.

CoHPUscLE Volume

CO2 Capacity:

Edema fluid

Plasma

Creatinin:

Edema fluid

Plasma

Chlorides:

Edema fluid

Plasma

Urea:

Edema fluid

Blood

Sugar :

Edema fluid

Plasma

50 grains l*ri>teiD

loooa. „ ^--

1 hr. 2 hrs. 3 hrs. 4 hrs. 5 hrs. 6 hrs. 7 hrs. 8 hrs. 24 hrs.

CHART III

Experiment I\. Salt Test. (Chart l\.)

A dose of 10 gm. pure sodium chloride in 100 c.c. water was taken

by mouth in the fasting condition. Nothing was taken thereafter,
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the regular water ingestion mentioned in the other experiments

being omitted. In addition to the blood and edema fluid shown in

Blood-pbessure :

Systolic

Diastolic

Corpuscle Volume

CO2 Capacity:

Edema fluid

Plasma

Creatinin:

Edema fluid

Plasma

Given 10 grains TlsCl In 100 c.c. wet

Chlorides:

Edema fluid

Plasma

Urea:

Edema fluid

Blood

Sugar:

Edema fluid

Plasma

1 hr. 2 hrs. 3 hrs. 4 hrs. 5 hrs. 6 hrs. 7 hrs. 8 hrs. 9 hrs.

CHART IV
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Chart IV, urine specimens were obtained as shown in Table II.

The diet had been strictly salt-free for three months before this

test.

TABLE II
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to rise. At the same time the urine record shows that diuresis was

scanty. Almost the whole 10 gm. of salt was evidently taken up

somewhere in the fluids or cells of the body. The rise of urea and

creatinine in either edema fluid or blood might thus possibly be

conceived as due to retarded excretion.

•The blood-pressure, both systolic and diastolic, distinctlj- fell at

the time of the increased plasma chloride concentration and also of

the supposed increase of blood volume. Thereafter it rose nearly

to the initial height. The blood-pressure in this patient was always

low rather than high, and in cases of this sort it is a rule that increase

of blood chloride or blood volume does not raise the blood-pressure.

Experiment V. Acid Administration. (Chart V.)

The patient drank 1 c.c. of concentrated hydrochloric acid mixed

with water. No water was taken subsequently. Absorption may

ha^'e been slow, as indicated by the lateness of the effects. The

urinary acidity actually declined up to the sixth hour, then rose

sharply. The CO2 capacity of the plasma remained stationary for

three hours, then fell to the sixth hour, and by the eighth hour had

risen above the original level. The CO2 capacity of the edema fluid

for some reason rose during the first hour, then in general fell and

remained lower than at the outset. The chlorides of the plasma

changed relatively little, while the concentration in the edema fluid

showed unexplained fluctuations. There was a curious rise of blood

urea, but no urea analyses were performed upon the edema fluid.

The plasma sugar exhibited a slight slow rise, while that in the

edema fluid was practically unchanged.

Experiment VI. Bicarbonate Administration. (Chart VI.)

The fasting patient took 15 gm. of sodium bicarbonate dissolved

and suspended in 50 c.c. of water. The bicarbonate concentration

of the plasma rose markedly to the third hour, then remained

practically constant. The concentration in the edema fluid fluctu-

ated moderately up to the fourth hour, then remained constant.

The result of the disproportionate rise in the plasma was that this
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was much closer to the edema fluid in bicarbonate content at the

close than at the beginning of the experiment. The chlorides for

Total Uhinary
Acidity

CO2 Capacity:

Edema fluid

Plasma
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some reason undenvent a rise in the plasma but no important change

in the edema fluid. Urea analyses were not performed upon the

edema fluid but there was a moderate rise of concentration in the

blood.

CO2 Capacity:

Edema fluid

Plasma

JSvon 16 grftjBS sodium BiCArbon&te

Chlorides:

Edema fluid

Plasma

Urea

1 hr. 2 hrs. 3 hrs. 4 hrs. 5 hrs. 6 hrs. 7 hrs. 8 hrs.

CHART VI

The principal point is that in this patient the rise of plasma

bicarbonate did not indicate a corresponding enrichment of the rest

of the body fluids.

III. Drugs and Exercise

A woman, aged eighty years, with long-standing neglected dia-

betes, moderate acidosis and advanced weakness and emaciation,

exhibited on admission a marked anasarca, apparently due in part



SHERRILL, ALLEN: CHEMICAL STUDIES OF EDEMA 243

Remarks.
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to bicarbonate dosage and in part to cachexia. Treatment con-

sisted in bed rest, fasting and low-calory salt-free diets, never above

50 gm. protein and 5 gm. carbohydrate, almost fat-free. No

^i gr. Th«ocl«

Im IOOcc water
7i gr. Theocln

r'

Corpuscle Volume

CO2 Capacity:

Edema fluid

Plasma

Chlorides:

Edema fluid

Plasma

Urea:

Sugar :

Edema fluid

Blood

Edema fluid looo

Plasma

1 hr. 2 hrs. 3 hrs. 4 hrs. 5 hrs. 6 hrs. 7 hrs. 8 hrs.

CHART VII

alkalies were given in the hospital, but there was a steady rise of

the plasma bicarbonate as the acetone gradually cleared up. As

this treatment, from April 17 to May 27, relieved the edema only



SIIKHIULL, ALLEN: CHEMICAL STUDIES OF EDEMA 245

partially, drugs Avere tried and observations were made to learn

whether these altered the distribution of substances in blood and

edema fluid. Table III shows negative results in this respect with

both digitalis and diuretin.

Chart VII.

Chart VII shows the results of a short theocin experiment upon

the first mentioned patient with nephrosis. In general no posi-

tive result can be seen. The plasma chloride and bicarbonate con-

centration apparently fell after the first dose of theocin, but no such

change followed the second dose. The urea rose in both blood and

edema fluid. It should be added, however, that the results regard-

ing diuresis were equally negative (Table IV).

TABLE IV.

Given 71 grains theocin

Volume, Specific Total NaCI,
Hour. c.c. gravity. grams.

1 38 1028 0.022

2

3 48 1028 0.092

4

5 28 1028 0.026

6

7 42 1034 0.024

8 .
. . .

9 34 1024 0.032

The same patient was exercised to the limit of his strength,

with a view to observing changes in the various substances under

consideration, particularly the bicarbonate. When stair-climbing

proved too exhausting, resort was had to mere forced breathing,

following the work of Henderson and Haggard.- The CO2 capacity

of the plasma was thus on two occasions reduced from above 60 to

approximately 52 volume per cent. No corresponding changes

occurred in chlorides, urea or creatinine. The most interesting

point was that the fall of plasma bicarbonate could not be accounted

for by a migration of bicarbonate into the extravascular fluid. On

the contrary the CO2 capacity of the edema fluid remained stationary

in the second experiment, while in the first one it actually fell in

parallel with that of the plasma.
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DISCUSSION

Dr. Allen (closing) said that he did not want to make people believe

that chlorides are to be blamed for every kind of condition. In diabetes

there is high blood sugar, retinitis and cataract in the eye, a tendency to

infection in all parts of the body, arteriosclerosis, gangrene, and various

systemic disorders. One has to prevent the high blood sugar. Neverthless,

many patients go on with glycosuria and high blood sugar and no complica-

tions. Likewise one may have high chlorides in the blood without complica-

tions. Still, there are disturbances with high chlorides and chlorides are

the strongest osmotic agents; thus abnormal retention can cause many
disorders: edema, arterial hypertension and some skin disorders. French

authors attribute convulsions of eclampsia to high chlorides. The nervous

disorders of epilepsy and the psychoses with edemas in cardiac conditions

ma}' be phenomena of chloride retention. One should study salt retention

to see what it does and what it does not do, and discard mere speculations.



THE DUALISTIC CONCEPTION OF THE PROCESSES
OF ANIMAL LIFE

By S. J. MELTZER, M.D.
NEW YORK

Animal life is manifested by an uninterrupted stream of various

forms of perceptible activities, harmoniously performed by the

various groups of the living tissues which enter into the make-up

of the unit of a living organism. The multitude of the life phe-

nomena may be reduced in a general way to three elements: motion,

secretion and sensation. This classification may not be exhaustive

but it is all sufficient for the object of this presentation. I wish,

however, to emphasize that in most instances, if not in all, the

perceptible activities are discontinuous; the activities alternate with

periods of rest. The following examples will illustrate this point.

Each cycle of a heart-beat is interrupted by a diastole when the

heart muscle appears to be at rest. Or the peristaltic movements

in one series of segments of the digestive tract, or of other tubes

within the animal body, are accompanied by a more or less prolonged

quietude of other segments of these tubes. Skeletal muscles con-

tract at irregular intervals and only at the behest of some internal

or external stimulus. Glands with external secretions functionate

only at intervals and only as a result of certain provocations; for

instance, the salivary glands, the digestive glands of the stomach

and intestines prepare and empty their products in the corresponding

cavities only when they are provoked by the entrance of food or bj'

psychical stimuli. The same holds true for the sensory sphere;

definite sensations are perceived only when certain receptive end-

organs are aft'ected by adequate stimuli.

Since the discovery of the circulation by Harvey, or perhaps,

more correctly, since the discoverv bv Haller, that irritability is a
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distinguishing property of all living tissues, physiologists ha\e been

busily engaged in discovering the causes for and the mechanisms of

the various activities of the living animal organism. Two sets of

nerves were discerned; one set carries impulses in the centripetal

direction, from a receptive end-organ to the central nervous system

or to prevertebral ganglia, and another set of nerves carries impulses

from the central nervous system or from prevertebral ganglia to

peripheral effective end-organs. The impulses transmitted by the

centripetal nerves either cause well-defined sensations in various

parts of the brain or cause organized nerve centers to send out

reflexly impulses in centrifugal directions. The centrifugal nerves

carry impulses either to motor mechanisms or to secreting glands.

Recently it was discovered that the circulation is carrying

chemical stimulating substances from one part of the body to

another without the intermediation of the nervous system. These

substances which are manufactured by specific organs or tissues are

now known as hormones.

Physiology in the past devoted its energies to the study of the

causes and the mechanisms of the active part of living phenomena,

and little or no attention was paid to the resting phase of these

phenomena. On the surface of things this attitude would seem

justified and logical. Only an action calls for an explanation,

requires the discovery of a cause. Diminution of an action or its

entire disappearance is readily explained by the reduction in the

extent or intensity of the cause or by its complete elimination.

Are living tissues when they are inactive in a state of inanimate-

ness? Seventy-five years ago a fact of first magnitude was dis-

covered which permits, indeed compels one to look at life phenom-

ena and at living tissues from a new angle. It is an undisputed

fact that stimulation of the peripheral end of a motor nerve causes

a contraction of the corresponding muscle which subsides with the

discontinuation of the stimulation. The vagus nerve was considered

as the motor nerve of the heart muscle. Now, in 1845, the brothers

Weber discovered that stimulation of the peripheral end of a cut

vagus causes the heart to stop in diastole. Let me add here that

it was found later that during this standstill the heart muscle is

more relaxed than during the normal diastole and that at the same
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time its normal irritability or conductivity is diminished. Here

was a new phenomenon, rest of a muscle is being brought about by

an active cause, by a stimulus. The Webers designate the cardiac

vagus as an inhibitory nerve. In the following half-dozen years

numerous attemi)ts were made to explain the cardiac standstill by

all sorts of assumptions, but with no avail; inhibition came to stay.

(Permit me to bring to your attention the following historical

incident which is an interesting contribution to the psychology of

investigators: A. W. Volkmann, a celebrated physiologist in his

time and a brother-in-law of the Webers, investigated systematically

the various nerves of the animal body as to their nature, whether

they are sensory or motor nerves. While investigating the relations

of the vagus nerve of frogs to the heart, he stimulated these nerves

by turning a wheel of a faradic apparatus and counted the heart-

beats. He found that before the stimulation the heart was beating

twenty-six times per minute, while after the discontinuation of the

stimulation the heart was beating thirty-one times per minute.

From this he concluded that the vagus is a motor nerve of the

heart muscle. He added: singularly enough the heart stopped

beating during the time of stimulation. Four years later Volkmann

discarded the entire value of his observation, under the assumption

that muscles which contract spontaneously are not proper subjects

for investigation. But three }ears later the Webers saw the same

fact of the stoppage of the heart-beat during stimulation, and had

the courage to pronounce it a new phenomenon in physiology.)

I may mention here that the inhibitory action of the vagus upon

the heart was later shown to exist in human beings. Czermak

succeeded in stopping his heart by compressing the vagi in the neck.

On the other hand it was shown that the inhibitory ner\e fibers of

the vagi are moderately stimulated continuously in man and in

certain animals by means of a center in the medulla which is in a

state of tonus. The administration of atropin paralyzes the nerve

endings of the inhibitory vagus and thus accelerates the heart-

beats.

Is it logical to assume that the cardiac vagus demonstrates the

only inhibitory phenomenon in the animal body? In the course of

the three-quarters of a century which passed since the discovery



250 meltzer: conxeptiox of the processes of animal life

of the vagus action upon the heart, numerous inhibitory phenomena

have been discovered. The time at my disposal is by far too short

to attempt to enumerate all the new facts which bear upon this

question. But I shall try to mention a few. In the first place

I may mention one fact which the speaker was instrumental in

discovering. Forty years ago I studied the physiology of degluti-

tion. It was established that after the contraction of the mylohyoid

muscle and the elevation of the larynx which characterize the initial

act of swallowing a characteristic peristaltic movement runs down

the esophagus and reaches the cardia in about six seconds. The

question arose, What happens to this peristaltic wave in the esopha-

gus when deglutitions were repeated every second or two? The

answer was a surprise. After frequent swallows the peristaltic wave

of the esophagus sets in only after the last swallow. This fact and

other observations prove conclusively that in the complex reflex

acts of deglutition, with each swallow an inhibitory impulse runs

ahead of the impulse which causes the progress of the peristaltic

wave in the esophagus. Animal experimentation demonstrated that

both impulses run not in the periphery but in the center of degluti-

tion. It was further discovered that during the act of deglutition

the inhibitory impulse irradiates to neighboring centers within the

medulla. It inhibits the tonus of the cardiac vagus, the vasomotor

tonus and the activity of the respiratory center. These findings

present a definite evidence that inhibition is an integral part of a

normal function of the animal body.

Permit me here to make a side remark. Most of the physiologic

experimentations have to be made on animals while they are under

anesthesia. But since anesthesia suppresses the activities of the

center of deglutition I had to perform these experiments on myself.

It was certainly not a great pleasure to have for many hours two

stomach tubes, with distended balloons at their end, in my pharynx

and in the esophagus. The experiments were carried on in the

physiological institute of the University of Berlin. One day Herr

von Goslar, then the ^Minister of Education in the Prussian Govern-

ment, came to see these experiments. A few days later we learned

the purpose of his errand. The Junker party introduced in the

Prussian Diet a law to suppress animal experimentation. In reply
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to the old challenfic that if physiologists are so anxious to contribute

to science, why (Hd they not make the experiments upon themselves,

\-on (loslar told them what he saw in the physiologic laboratory,

adding that he was sure that among the gentlemen of the extreme

Right, with all their reputed courage, there was no one who would

be willing to perform such experiments upon himself for money or

glory. That finished the vicious Junker attack upon the medical

sciences. I tell this story because there are many hysteric people

imbued with the same Junker spirit of enmity against the medical

sciences.

The existence of inhibition was discovered in most of the mani-

festations of life. Most interesting are the findings in which the

presence of the inhibitory factor facilitates the prompt functioning

of a physiologic mechanism. In the past twenty-five years Sherring-

ton studied many instances in which simultaneously with the con-

traction of one group of muscles the corresponding antagonistic

group is inhibited. For instance, the contraction of the flexor group

is accompanied by an inhibition of the extensor group of muscles,

and vice versa, or the contraction of an adductor group is accompanied

by a simultaneous inhibition of the corresponding abductor groups,

and vice versa. Sherrington designated this mechanism as reciprocal

innervation. In 1883 I called attention to the existence of the

mechanism of reciprocal innervation in the respiratory function.

During inspiration the inspiratory muscles contract while the

expiratory muscles relax, and vice versa. Recent experiments on

fowls by Dr. Arthur Meyer and myself brought out a striking

illustration. Fowls have no diaphragm. The inspiration is caused

by the contraction of the intercostal muscles. The expiration is

accomplished by the contraction of the abdominal muscles. In

these experiments the inspiratory muscles and the internal oblique

muscle of the abdomen were prepared to record separately on a

revolving smoked drum. It was very instructive to find that on

stimulating the central end of one vagus the thorax was raised to an

inspiratory phase, while the expiratory internal oblique muscle

became relaxed. But the reciprocal innervation is only a part of

a general law which I termed the Law of Antagonistic Innervation.

As has been mentioned before, in the act of deglutition the lower part
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of the esophagus relaxes while the upper part contracts. Bayliss

and Starling found that a stimulus applied to the intestine causes a

contraction above and a relaxation below the point of stimulation.

Joseph and I found that during a contraction of the pylorus a relaxa-

tion of the duodenum takes place. Cannon and Lyman observed

that during the contraction of the ileum the iliocecal valve relaxes.

The relaxation of all these segments of the digestive canal, which

takes place simultaneously with the contractions of the segments

above them, means that the lower part is inhibited, relaxed, in

order that it may not offer an obstacle to the progress of the con-

tents propelled forward by the contractions of the segments above.

But in these instances there is no reciprocity. The general law

means that in each motor function an inhibitory factor is in\olved

which removes any resistance that may be offered by antagonists.

The detection of inhibitory phenomena is surrounded with great

difficulties because only in exceptional instances can they be reached

by separate nerves. But here again the extrinsic nervous mechanism

of the heart offered a helping hand. About fifty odd years ago

Ludwig and Bakst discovered fibers in the sympathetic nervous

system which are antagonistic to the inhibitory nerves of the vagus,

that is, the stimulation of these nerves accelerates the heart beats

and augments the systolic contraction. During this effect the irrita-

bility and conductivity of the heart muscle is increased. This

bundle of nerves is known as accelerators. There are certain

characteristic differences between the inhibitory nerves of the vagus

and the accelerators. Thus the vagus has only a short latent

period while the accelerators have a very long latent period— that is,

the nerves have to be stimulated a long time before they develop

their effect upon the heart. Furthermore the vagus has only a

short after-effect Avhile the accelerators have a \-ery long after-effect

— that is, after discontinuation of the stimulation the accelerating

effect may continue for a minute and longer. Now if both kinds of

nerve fibers are stimulated simultaneously, interesting phenomena

make their appearance. During the stimulation practically no

other effect is recognized but the inhibition of the heart-beats, but

quite soon after discontinuation of the stimulus the heart starts

beating at a rate as if there had been no other stimulation but that
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of tlic accelerator nerves. That means that although during the

simultaneous stimulation the accelerator seemed to exert no influ-

ence, the effect upon that nerve was merely covered but not annihil-

ated, and it exhibited this influence after discontinuation of the

stimulation in a manner as if it had been stimulated all alone.

These facts helped to demonstrate the presence of accelerator fibers

in the vagus nerve of the frog. Besides the differences mentioned

there are other conditions which distinguish the two kinds of nerve

fibers. They differ, for instance, in fatigability and in their behavior

toward the effects of temperature.

Now the oA'erwhelming immediate effect of the inhibitory nerves

and the long after-eflect of the accelerator nerves is not peculiar to

the inhibitory or the accelerating side of these nerves. This can be

seen in the effect of the chorda tympani and sympathetic nerves to

the bloodvessels of the salivary glands. The bloodvessels in

general are under the influence of peripheral antagonistic nerves,

ner\es the stimulation of which causes a contraction of the blood-

vessels, and others the stimulation of which causes a dilatation of

the bloodvessels, vasoconstrictors, and vasodilators. The vaso-

dilators are considered as vascular inhibitory nerves. Now the

chorda tympani nerve, which causes a dilatation of the bloodvessels

of the submaxillary salivary glands, possesses a long after-effect,

and the sympathetic nerve which causes a constriction of these

bloodvessels has only a very short after-effect. When both sets of

nerves are stimulated simultaneously, during stimulation only a

vasoconstriction can be noticed, but after cessation of the stimulus

a long-lasting, strong, vasodilatation makes its appearance. In

contrast to the conditions found in the extrinsic nerves of the heart,

here the vasoconstrictor, which may be compared with the accelera-

tor, exerts an overwhelming effect during stimulation, while the

chorda, the inhibitory nerve, possesses the long after-effect which

comes to the fore after discontinuation of the stimulus.

Dr. Githens and I recently found in the nose-licking reflex a clear

example of the role which the overwhelming effect of one set of

nerves and the after-effect of the antagonistic set of nerves may play

in the mechanism of some reflexes. We first found that a certain

procedure which leads to mechanical anesthesia abolishes completely
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all the sensations, leaving all the reflexes intact. Using this method

of anesthesia, we discovered the nose-licking reflex. The tip end

of the nose and the anterior part of the septum could be quite

intenseh^ compressed by means of a hemostatic forceps without

producing any effect. But immediately on removal of the forceps

the animal started licking its nose, which lasted a few seconds.

Evidently the pressure stimulated two sets of afferent nerves, one

set which would cause the licking reflex and the other set which

inhibits this reflex. During the pressure the inhibitory nerves

prevailed, but after removal of the stimulus caused by pressure,

the long after-effect of the antagonistic nerves was permitted to

become manifest and the nose-licking made its appearance.

As seen above, the overwhelming effect of one set of nerves upon

the antagonists, and the long after-effect of another set of nerves,

are not exclusive properties of either inhibitory nerves or nerves of

action. Nor do we need to expect that in all instances each of these

properties or both are so extreme as they were found in the examples

cited. We may, for instance, assume that in the contraction of the

skeletal muscle of vertebrates there are inhibitory and motor

impulses simultaneously at work. The motor impulses may be

indeed overwhelming during the indirect stimulation of the motor

nerve or direct stimulation of the muscle. But after cessation of

the stimulus there is a moderately long after-eftect of the inhibitory

impulse so as to cause a rapid relaxation of the contraction of the

muscle. The direct or indirect stimulation of a vertebrate striated

muscle does not oft'er undisputed evidence of the presence of inhibi-

tory impulses through the motor nerves or in the muscle substance

itself. But veratrinized muscles of frogs show a very slow relaxation

after a contraction caused by direct or indirect stimulation. Now,

Biedermann found that when a galvanic current has been applied

to the muscle in this tonic state there was a rapid relaxation around

the anode with the making of the current and a moderate relaxation

around the cathode at the breaking of the current. Apparently

the making and the breaking of a galvanic current is capable of

inhibiting the tonic state of the muscle. As the same results

were also obtained in curarized muscles the experiment demon-

strates that the muscle tissue itself is capable of responding with an
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inhibitory reaction. Highly interesting are the studies of Bieder-

mann on the claw of the crawfish. When the abductor was di\ided

and the nerve of the claw was stimulated it was found that a moder-

ate stimulus caused a relaxation of the tonically contracted adductor,

while a stronger stimulus caused its contraction; but when the

adductor w'as cut and the nerve stimulated, the abductor muscle

contracted with a moderate and relaxed with a strong stimulus.

When each muscle was separately connected with a lever graphically

marking their movements, and the stimulation of the nerve was

gradually increased, it w^as found that the first efi'ect was that of

contraction of the abductor; next came the relaxation of the ad-

ductor; then followed the contraction of the adductor, and about

simultaneously with it the relaxation of the abductor. These

experiments show that each muscle is provided with inhibitory and

motor nerves but that in the abductor it is the motor nerve which is

most sensitive, while in the adductor it is the inhibitory nerve.

The result is that a stimulus which is sufficient to contract the

adductor keeps the abductor relaxed, and that a stimulus which

causes the contraction of the abductor causes directly the relaxation

of its antagonist. This is a beautiful example of Sherrington's

reciprocal innervation. These experiments show that inhibitory

effects may be discovered by the use of different intensities of

stimulations. Another differentiating point is the time needed for

the degeneration of nerves after they are cut. For instance, vaso-

constrictors degenerate about four days after their section, while

it takes ten days or more for the degeneration of vasodilators.

Xo doubt a great many more ways and means will be found to

demonstrate the presence of inhibitory phenomena in the tissues

and functions and the mode of their action in the various processes

of life. But even as the matter stands today, with numerous well

established facts at our disposal, we are entitled to insist upon the

assumption that inhibition is an effective factor in all processes of

life. We must keep in mind that the results as we have them today

were attained in uphill work, that the attitude of many physi-

ologists is generally inimical to admission of the presence of inhibitory

phenomena, and that each new fact in this line had to struggle with

various interpretations.
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Before coming to the conclusion, I wish -to quote here the most

striking statement of Charles Bell made nearly a century ago.

"The nerves have been considered so generally as instruments for

stimulating the muscles, without thought of their acting in the

opposite capacity, that some additional illustration may be neces-

sary here. Through the nerves is established the connection

between the muscles, not only that connection by which muscles

combine to one effort, but also that relation between the classes

of muscles by which the one relaxes and the other contracts. I

appended a weight to a tendon of an extensor muscle which gently

strengthened it and drew out the muscle; and I found that the

contraction of the opponent flexor was attended with a descent

of the weight, which indicated the relaxation of the extensor. To

establish this connection between two classes of muscles whether

they be grouped near together, as in the limbs, or scattered widely

as the muscles of respiration, there must be particular and appropri-

ate nerves to form this double bond, to cause them to conspire in

relaxation as well as to combine in contraction. If such a relaxation

be established, through the distribution of the nerves between the

muscles of the eyelids and the superior oblique muscles of the eye-

ball, the one will relax while the other contracts."

Permit me now to formulate the dualistic conception of the proc-

esses of animal life. Irritability means the property of living ani-

mal tissues to react with a change in their state to a proper stimulus.

The change may be two-fold: it may consist in an excitation, in an

increase of activity; or it may consist in an inhibition, in a greater

or less decrease in activity. Tissues and organs in a state of inhibi-

tion are as much in a living state as when they are in a state of

excitation or activity. In a state of activity living material is used

up (catabolism). In a state of inhibition living material is replen-

ished (anabolism). Each and every state of life of plain tissue or of

complex functions is a resultant of the combination of the two

antagonistic factors, excitation and inhibition. In a state of utmost

rest the factor of inhibition prevails greatly. But there is still a

sufficient remnant of the factor of excitation to permit the tissues

or the functions to remain in a state of tonus, of dormant life. On

the other hand, in a state of extreme excitation there is still a
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remnant of the factor of inhibition which thus prevents the excita-

tion from consuming the li^ing material which is indispensable to

the life of the involved tissues.

Besides its indispensable value to the anabolic processes, inhibi-

tion is of importance to the prompt and proper activities of functions

by elimination of simultaneous activities of elements directly an-

tagonistic to the success of that function. It is also valuable to the

economy of life by preventing the wasting of energies of living

neighboring cells which are not needed for the performance of the

specific function but are merely stimulated by irradiation of the

exciting impulse from the chief focus.

Am Phyd 17



SUBSTERNAL GOITER, WITH PRESSURE SYMPTOMS

By B. K. RACHFORD, M.D.
CINCINNATI, OHIO.

Summary. Female, aged sixty-four years, suffering frora goiter,

with symptoms of hyperthyroidism. Enlargement of the thyroid

gland above the sternum very marked. The tumor also extended

below the sternum and by pressure on the right phrenic nerve pro-

duced paralysis of the right side of the diaphragm and by pressure

on the recurrent laryngeal nerve produced partial paralysis of the

right vocal cord; it also displaced the heart toward the right side,

producing a loud systolic murmur, with its intensity at the apex

and a marked myocardial insufficiency.

Treatment. Roentgen ray, rest and medication.

Result. A fairly satisfactory recovery, the paralysis of the right

diaphragm and right vocal cord remaining.

April 10, 1917. Personal History. Thirty-three years ago

the thyroid gland began to enlarge and it has been enlarged ever

since, but the patient has never had any symptoms referable to this

condition. In 1916 I found pus in her urine, which readily yielded

to treatment with urotropin and benzoate of soda. In the winter

of 1917 pus was again found in her urine and disappeared under the

same treatment.

December 1. The patient's present illness began during the

summer of 1917, while at her summer home at the seashore. During

August of this year she suffered from mental depression and short-

ness of breath. Early in September she consulted a physician, who

found that she had a well-marked cardiac murmur and that her

urine contained pus.

About the middle of October she was taken to New York and

placed under the care of a physician, where she remained until her
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return to Cincinnati on November 29, 1917. Her physician in

New York reported that she had dyspnea on exertion, a well-marked

systolic heart murmur, a blood-pressure of 148-74, a sterile blood

culture and a negative Wassermann. On October 22 a blood

examination showed hemoglobin 85 per cent, red blood cells 5,400,-

000, white blood cells 5000, polymorphonuclears 41, lymphocytes

54, eosinophiles 5. The urine examined on October 22 and Novem-
ber 12 contained no pus, and except for a very faint trace of albumin

was negative. The patient was kept off her feet and in bed the

greater part of the time she was in New York, and during this time

she improved very materially. The cardiac dulness decreased.

On sending the patient to Cincinnati her physician wrote: "I

feel that Mrs. Blank has for a basis of her cardiac changes a mild

hjT)erthyroidism. She has had from time to time, in addition to

the goiter, the following clinical evidence to substantiate this view:

(1) Instability of pulse and a marked tendency to develop tachy-

cardia; (2) flushing; (3) tremors."

November 30 I saw the patient at her home, twenty-four hours

after her arrival from New York. She had been in bed during that

time; she had symptoms of mild hyperthyroidism, a loud systolic

murmur was heard most distinctly near the apex of the heart, which

was transmitted into the axillary region, and was also heard very

distinctly in the direction of the sternum, extending quite far up
along the sternal line over the arch of the aorta. No diastolic

murmur was heard. There was a dull area beneath the manubrium
continuous with the cardiac dulness; the latter was increased down-
ward and outward.

The left lung appeared normal but the lower border of the right

lung upon percussion and auscultation did not appear to extend

below the 7th or 8th rib posteriorly and the 4th rib anteriorly.

Vocal resonance and fremitus were diminished or absent over the

lower portion of the right chest. The vesicular sounds over the

whole right lung were less distinct than over the left.

December 6, Dr. Samuel Iglauer, in consultation, found the left

vocal cord paralyzed, and the inference was that this paralysis was

produced by pressure from some substernal growth or from an

aneurysm of the aorta.
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A roentgen-ray examination made at this time was as follows:

The stereoscopic roentgen-ray plates of the chest showed an opaque

shadow beginning just above the arch of the aorta, extending up

into the neck, where it became lost in the shadows of the deeper

structures. This shadow extended about two inches to both sides

of the sternal line. The arch of the aorta on its curve on the left

side showed a number of dense shadows simulating calcareous

deposits.. The lower right side of the chest was opaque. The

opacity extended posteriorly from below upward as high as the 8th

rib and anteriorly as high as the 4th rib. The line of this shadow

was straight and was evidently the lower border of the diaphragm.

The fluoroscopic examination showed the same shadow in the same

position, with no apparent movement of the diaphragm on the right

side. The heart shadow appeared normal in size and pushed slightly

to the left.

The roentgen-ray films of the teeth showed no root abscesses.

A blood examination showed hemoglobin 85 per cent., red blood

cells 5,000,000, white blood cells 5200, Ijinphocytes 37 per cent.,

large mononuclear leukocytes 7.66 per cent., polymorphonuclear

neutrophiles 52.66 per cent., eosinophiles 1.3 per cent., mast cells

1 per cent., myelocytes 0.0, Tuerck's irritation forms 0.3 per cent.

At this time, in addition to the diagnosis of enlarged thyroid with

hyperthyroidism, it was our belief that that portion of the enlarged

thyroid gland extending beneath the sternum pressed upon the

recurrent laryngeal nerve, producing paralysis of the vocal cord,

and also pressed upon the right phrenic nerve, producing paralysis

of the diaphragm.

This patient was seen in consultation by Dr. Roger Morris and

1 )r. Max Dreyfoos on December 17, and on January 26, 1918. She

was also seen on January 28, 1918, by Dr. James B. Herrick, of

Chicago.

The physical findings and diagnosis as above recorded were con-

firmed by the consultants, and it was decided to seek surgical advice

with reference to the advisability of a surgical operation.

It was the opinion of myself and all the medical men who had

studied this case that it was not advisable to attempt the removal

of the substernal thyroid, which was producing the pressure symp-

toms.
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During the last week of February, 1918, the patient was taken to

Chicago for medical and surgical advice. She returned to Cin-

ciiuiati in about ten days, with medical and surgical opinions that

it was not advisable to attempt an operation, and also with the

advice that the medical treatment which she had had before going

to Chicago should be continued.

At this time the prognosis was considered very bad by all the

physicians and surgeons who had seen her. On her return to

Cincinnati the treatment which she had received from the time she

came under my observation was continued, and the remarkable

improvement in her physical condition which has resulted I think

justifies the clinical report here given.

Treatment. On December 1, 1917, when the patient first came

under my observation, she was given 15 drops of tincture of digitalis

three times a day. From that date to the present, covering a period

of two years and four months, she has continued to take digitalis,

omitting it for only short periods of time. At the present time she

is taking 5 drops of the tincture twice a day, six days in the week.

The dose has been gradually diminished and has been omitted

occasionally for short periods. During nearly all of this time she

has taken a capsule containing 2| grains of the neutral bromide of

quinin, 1 grain of extract of ergot and 3^ grain of extract of bella-

donna.^ This capsule was given three times a day for a long period

of tune, and throughout the two years and four months it has been

taken almost continuously. During the past year she has taken

two of these capsules per day. At rare intervals this treatment has

been interrupted for a period of a few weeks.^

In addition to the above treatment the patient took deep roentgen-

ray treatments over the thyroid gland, given from two areas in the

front and two in the back, never giving more than two areas at one

time. These treatments, fifteen in all, were given by Dr. William

M. Doughty on the following dates:

1918—January 4 and 15; March 5, 15 and 29; April 12 and 26;

May 17; June 8; November 8; December 2.

1919—January 7; April 15; May 20; June 9.

> The above prescription was a favorite one of the late Dr. Frederick Forchheimer,

of Cincinnati.
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These treatments were all filtered through 4 mm. of aluminum.

"When the patient came under my observation, December 1, 1917,

she was practically confined to her room, spending most of the time

in bed or upon a couch. Even the slight exertion of walking about

the room produced shortness of breath and increased rapidity of

heart action. During this time she was occasionally carried up and

down stairs, and some months later was strong enough to take

automobile drives. After four or five months of treatment her heart

had sufficiently recovered for her to walk up and down stairs once a

day. She has steadily improved in strength, so that at the present

time she leads practically a normal life and presents the appearance

of being in perfect health.

The physical signs so far as the lungs are concerned persist. The

right diaphragm is in the same position as above described. An

examination of the heart still shows a systolic murmur, which is

loudest at the apex. This murmur, however, is now soft and very

much diminished in intensity, and in the range of its transmission.

It is my belief that at the present time the shortness of breath, still

experienced after taking long walks, is due rather to the diminished

lung capacity of the right lung than to any cardiac weakness.

The patient has not had a roentgen-ray treatment for nearly a

year, and for more than a year there has not been any evidence of

hyperthyroidism

.



OBSERVATIONS ON THE BEHAVIOR OF DIPHTHERIA
BACILLI IN WHOLE COAGLXABLE BLOOD, WITH A
COMPARISON OF THE RESULTS OF THE TESTS

FOR BACTERICIDAL AND ANTITOXIC IM-

MUNITY IN THE SAME PERSONS

(abstract)

By SOLOMON SOLIS-COHEX, M.D., GEORGE D. HEIST, M.D.i

AND

MYER SOLIS-COHEN, M.D.
PHILADELPHIA

(From the Jules E. Mastbaum Research Laboratory of the Jewish Hospital,

Philadelphia.)

In previous communications- ^ we described a simple test which

distinguishes in vitro animals that are susceptible to pneumococcic

infection and those that are immune. We also applied the same

test to distinguish between animals immune and susceptible to

infection with globoid bodies; and by its means Matsunami and

Kolmer"* as well as ourselves were able to separate animals respec-

tively susceptible and resistant to meningococcic infection.

1 Dr. Heist, whose yet unpublished studies of the meningococcus showed his

own blood to be lacking in resistance to that organism, died of cerebrospinal men-

ingitis on August 8, 1920. Dr. Myer Solis-Cohen, who was associated with much
of our work, has analyzed and summarized the laboratory notes made by Dr. Heist

in the present study, and the results will be published with sufficient particularity

of detail in an appropriate periodical. This is not the place for an appreciation of

my beloved and greatly mourned pupil, friend and co-worker. S. S.-C.

2 Heist, George D., Solis-Cohen, Solomon, and Solis-Cohen, Myer: The Bacteri-

cidal Action of Whole Blood, with a New Technic for its Determination, Jour.

Immunol., iii, 261.
3 Heist, George D., and Solis-Cohen, Solomon: The Bactericidal Action of

Whole Blood of Rabbits Following Inoculations of Pneumococcus Bacterins, Jour.

Immunol., 1919, iv, 147.
•• The Relation of the Meningococcidal Activity of the Blood to Resistance to

Virulent Meningococci, Jour. Immunol., 1918, iii, 201.
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Matsunami and Kolmer^ and we- have also with the same test

ascertained the varying degrees of susceptibility to meningococcic

infection in man. We have also been able similarly to demon-

strate the gradual increase of immunity against pneumococcic

infection and to measure the extent of immunity present during

recovery and convalescence from pneumonia in man and following

inoculation of killed pneumococci in rabbits. A part of that work

was presented to this Association last year.^ Block, Prowler and

Pierce/ who tested our method with typhoid bacilli and the Bacillus

dysentericB of Shiga, found it "the most dependable criterion of

the active immunity of the animal."

In this test, whole, coagulable blood as it comes from the

vessel is brought into contact with small numbers of bacteria

adhering to the inner wall of a capillary tube. The tubes con-

taining the bacteria and blood are sealed and placed in the incu-

bator for twenty-four hours, when the contents are blown out on a

slide. If the bacteria have not multiplied sufficiently to be seen on

microscopic examination, the blood possesses some bactericidal

poAver against that particular organism. If necessary, the observa-

tion may be conJBrmed by plating, as in our pneumonia work.

The degree of natural bactericidal immunity or artificial immuni^

zation may be approximated in either of two ways. One method

is to incubate for various periods of time a series of capillary tubes,

each containing a standard number of bacteria {i. e., a given dilution),

and to note the shortest time in A\hich growth of the- bacteria can

be detected. In the other method, which we have employed in

most instances hitherto reported, a series of capillary tubes con-

taining various numbers of bacteria (?'. e., various dilutions) are incu-

bated for a standard jieriod of time (tw enty-four hours), and note is

made of the smallest number of bacteria {i. e., the highest dilution)

that shows growth in that time. Each organism has its optimum

method.

' Loc. cit.

2 Heist, George D., and Solis-Cohen, Solomon: The Virulence of Meningococci
for Man and Human Susceptibility to Meningococcic Infection. (To be published.)

3 Tr. Assn. Am. Phys., 1919, p.-109.
• Development of the Bactericidal Power of Whole Blood and Antibodies in

Serum, Jour. Am. Med. Assn., 1920, Ixxv, 915.
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Ill relation to diphiherin, susceptible and inunune persons are

supposed to be distinguished accurately by the Schick reaction.

It accordingly appeared that diphtheria would offer a good field

for further study of the bactericidal power of whole blood against

the etiologic organism. If the whole coagulable blood of immune

species and individuals should prove bactericidal to the diphtheria

bacillus, while the blood of susceptible species and individuals

should lack bactericidal power, this would be an additional proof

of the value of this test for immunity. On the other hand, the

fact that immunity to diphtheria is chiefly antitoxic rather than

bacteriolytic seemed to promise some interesting variations that

might lead to new light tis to the meaning and method of the

reaction in whole blood.

The first step was to study the growth of diphtheria bacilli in

blood, both ichole coagulable blood and defibrinaied blood. Their

behavior was then observed in the whole coagulable blood of

certain animals, including the guinea-pig, rat, mouse and rabbit

—

in each instance using a number of animals of different ages and

sizes—and in the defibrinated blood of these species and of the steer.

Observations were made likewise upon the growth of diphtheria

bacilli in the whole coagulable blood of human beings (including

one who had recovered from diphtheria some years previously),

and particularly in those reacting positively and in those reacting

negatively to the Schick test.

The whole and defibrinated blood of all the lower animals tested,

with the exception of the rat, failed to inhibit the growth of diph-

theria bacilli. The ichole blood of the rat proved bactericidal; its

defibrinated blood did not.

The endeavor was then made to determine whether the whole

blood of every animal of a definite species immune to infection with

the diphtheria bacillus possesses at all times bactericidal power

against Bacillus diphfherice and whether all members of a definite

susceptible species always lack this power. The rat was selected

as the immune animal and the guinea-pig as the susceptible animal.

We found that with scarcely any exception diphtheria bacilli

seeded in the whole blood of rats grew feebly or not at all, while

those seeded in the whole blood of guinea-pigs grew vigorously.

The conditions under which the diphtheria bacilli were cidtivated



266 SOLIS-COHEN, HEIST, SOLIS-COHEN: DIPHTHERIA BACILLI

were varied in order to find, if possible, the most favorable ones.

Cultures were made on Loeffler's medium, on blood agar, on blood

broth and on plain broth, and suspended variously in plain broth,

in toxin broth (of both high and low potency) and in serum broth.

The quantity of water of condensation was varied and the dilutions

of the cultures were made with plain broth, with toxin broth, with

toxin, with antitoxin, with toxin-antitoxin mixture and with normal

salt solution. The objective in using toxin and toxin broth was to

restrain the phagocytic action of the leukocytes, while antitoxin

was employed for an opposite end—to neutralize the toxin of the

organisms and thus afford full opportunity for phagocytosis. All

the suspensions gave about equal results under like conditions, but

normal salt solution seemed to be the best diluent for routine

work. Drying had little or no influence on the behavior of the

organisms.

The time element was also studied. The organisms were grown

for varying periods in the different media before washing off, and

cultures mixed with the blood of guinea-pigs, of rats and of Schick-

positive and Schick-negative human beings, were incubated for

different lengths of time.

The results varied but little. Four strains of Bacillus diphtherioe

were employed: (a) Park and Williams No, 8, a well-known organ-

ism of known virulence still producing toxin; (b) a freshly isolated

strain from a patient in the Jewish Hospital; and (c) and (d) two

freshly isolated strains from the Laboratory of the Philadelphia

Bureau of Health. Strains b, c and d each killed a guinea-pig in

twenty-four hours.

The tests on human blood did not show, as to individuals, any

parallelism between original or acquired antitoxic immunit}^ as

demonstrated by the Schick test, and the original immunity of the

rat as demonstrated by the bactericidal test; although there is

some indication of a low degree of kinship between these phenom-

ena when the results in large groups of Schick-positives and Schick-

negatives are compared. This may briefly be illustrated:

First may be reported certain observations on a small group of

adtdts. A number of experiments were made with the blood of

one of us (G. D. H.) and the blood of the laboratory assistant

(L. S, B,), using Gaftsky's scale. But, paradoxically, the one which
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gave a positive Schick reaction (G. D. H.) had high bactericidal

power against the Bacillus- diphtheriw, while the other (L. S, B.),

which gave a negative Schick reaction, had low bactericidal power

against that organism. The individual who had recovered from

diphtheria (L. J.) gave likewise a negative Schick reaction, with

low bactericidal power against Bacillus diphllierico. It further

seemed that there was a periodicity in the degree of bactericidal

power in the blood of the one (G. D. H.) possessing bactericidal

immunity with a positive Schick reaction; the results in tests

made on nineteen different days over a period of thirty-six days,

showing certain variations in resistance from day to day. But not

all persons were thus paradoxic in response to the two tests. Other

adults showed more or less bactericidal power with negative Schick

reaction, and still others positive Schick reaction together with

absence of notable bactericidal power. In fine, there was both

individual correspondence and individual divergence in the two

responses.

Schick tests were then made on 176 children, whose whole blood

was also tested for bactericidal power. The results were in general

the same as those in adults. There was neither uniform correspond-

ence nor uniform divergence between bactericidal immunity and

antitoxic immunity. In a child giving the positive Schick reaction

the blood might be bactericidal to the Bacillus diphthericB, while

in a child giving a negative Schick reaction the blood might have

low or no bactericidal power against this organism. In the whole

number tested the correspondences and divergences were too

nearly balanced to admit of a definite conclusion, if we exclude

one group of 45 children tested in batches of 15 at a time

within a few days. These showed 26 positive Schick reactions with

low bactericidal power against 6 positive Schick reactions with

high bactericidal power, and 9 negative Schick reactions

with fair bactericidal power against 4 negati\'e Schick tests with

low bactericidal power.

If this result may be accepted as an index, it would appear that

among those giving positive Schick reactions there is a greater

proportion of individuals with low bactericidal power than among

those exliibiting a negative Schick reaction ; and, conversely, a greater

percentage of individuals having high bactericidal power among
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those responding negatively to the Schick test than among

those responding positively. In other words, a majority of these

45 children possessed or lacked bactericidal resistance and anti-

toxic immunity together, while a minority possessed one and

lacked the other. But we are far from affirming this to be an uni-

versal rule; on the contrary, the greater number of observations

thus far made is against it. Among the observations in progress

and to be published later this feature is studied more fully and

certain attendant circumstances noted. The present communi-

cation is to be considered merely as a preliminary note.

DISCUSSION

Dr. E. C. Rosenow, of Rochester, Minn., asked whether the blood and

plate results agreed. Was there any coagulation of the blood in the tube

which might have exerted hifluence that way?

Dr. S. Solis-Cohen, of Philadelphia, said that the work was developed

to test out as many organissms as possible, or to determine what relation

there was between the blood and resistance to different organisms. Work
on meningococci and pneumococci had given corresponding results. The

importance of the work was to test immunity in human beings to bacterial

invasion, and to see if there was any relation between this and the bacteri-

cidal effect of the blood as studied in the test-tube. If this could be shown

there would be a distinct advance. The criticism that the action was inhil^i-

tory and not bactericidal was probably true in part; but there was found

to be a distinct bactericidal value which could be expressed either as

time or number. If no growth occurred within a defined time, a large

number of bacteria had been killed.

Dr. Rosenow asked how the plate culture was inoculated and how they

got an even distribution.

Dr. Heist, Philadelphia, said that it was inoculated on the surface of the

solid agar. He took a loopful with 5 c.c. of saline solution, shaking it up

thoroughly, put it on the plate and spread it thoroughly with a glass rod.

The blood was allowed to clot in a capillary glass tube. Clotting probably

had an important bearing, as it gave the leukocytes some scaffolding, as it

were, to work upon. In the diphtheria work phagocytosis was a very

important factor, but there might be some other as well. Opsonins were

probably present in the serum, but whole blood would be different from

serum. Citrated blood would interfere with the test.



STUDIES OF THE ACID BASE EQUILIBRIUM IX DISEASE
FROM THE POINT OF VIEW OF BLOOD GASES*

By J. H. MEANS, M.D., A. V. BOCK, U.D.

AND

M. N. WOODWELL, A.B.

I. Introduction. The problem of acidosis resolves itself into

two fundamental questions : ( 1 ) In any given case is there an acidosis

in the sense that the available alkali of the blood is diminished

through the presence of an increase in non-volatile acid; (2) is

there an acidosis in the sense of an actual change in blood reaction

in the acid direction, of an increase, in other words, of the concen-

tration of ionized hydrogen? In disease these conditions may occur

alone or combined. To recognize each and to distinguish between

them is of some clinical importance. Data concerning the former

are abundant in the literature, data concerning the latter somewhat

less so, and data showing the two simultaneously are scanty.

The question of available alkali of the blood in disease has been

approached by a large number of investigators and by very divergent

methods. Of the more recent work the following general types may
be cited by way of illustration. I. Determination of titrable alka-

linity of the blood after the manner of Sellards.^ II. Determination

of the carbon dioxide capacity of the serum by the method of Van
Slyke.- III. Determination of the oxygen combining power of the

blood at a given tension of oxygen as done by Barcroft.'^

The question of the actual reaction of the blood in health and dis-

ease has also been approached in several ways. The reaction can be

* From the Medical Service of the Massachusetts General Hospital. This
I)apcr is Study Xo. 1 of a series of studies of the physiology and pathology of the
blood from the Harvard Medical School and allied hospitals.
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measured directly either eleetrometrically by the so-called gas

chain of Hasselbalch^ or by the use of indicators as employed by
Sorenson^ and more recently by Bayliss.^ It can also be arrived at

indirectly from the behavior of the oxygen dissociation curve of the

blood, the determination of the degree of meionoxy of Barcroft.*

Finally it may be calculated from the carbon dioxide dissociation

curve provided that the arterial carbon dioxide tension or concen-

tration is known. Hasselbalch^ has published a formula for such

calculation which is dependent upon the principle shown by L. J.

Henderson** that the reaction of the blood is dependent chiefly upon

the ratio of free carbonic acid to bicarbonate, which can be expressed

by the formula

+ _ [H3CO3]
f"^ - ^[BHCOai

+
in which [H] is the concentration of ionized hydrogen, [H2CO3] the

concentration of free carbonic acid and [BHCO3] the concentration

of bicarbonates, and K a constant. The fraction

[BHCO3I

ordinarily has a value of approximately ^. Changes in this ratio
+

it can easily be seen will denote changes in the [H], that is, in blood

reaction, while changes in the actual magnitude of the denominator

will denote changes in available alkali of the blood and changes in

the numerator, changes in carbon dioxide tension. Knowledge then

of the two terms of the ratio in any given blood will tell us the two

most fundamental facts of acidosis.

For clinical purposes the simplest way of arriving at the ^'alue

of the ratio and of determining the actual magnitude of the two

terms of the fraction is to secure the data necessary to plot the

so-called "Carbon Dioxide Diagram of the Blood" of Haggard and

Y. Henderson.^ This diagram, which incidentally is essentially a

graphic representation of L. J. Henderson's formula, consists in the

carbon dioxide dissociation curve of the blood determined after the

manner of Christiansen, Douglas and Haldane^** with a mark upon

it which denotes its intersection with the coordinate representing

the tension or concentration of carbon dioxide in the arterial blood,

this point being called the A point.
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After a conversation with Professor Y. Henderson in January,

1920, we were greatly impressed with the lucidity of such diagrams

in the interpretation of problems of acid base equilibrium, and we

take pleasure in acknowledging that it was through his stimulation

that we undertook the present research , which consists in the construc-

tion of such diagrams for the bloods of patients, for the purpose of

determining the presence or absence of non-volatile acid in their

blood, and of actual changes in their blood reaction.

The information to be gathered from the dissociation curve thus

plotted with its A point, is as follows: In the first place the abscissae

in the diagram indicate the tension of carbon dioxide in the blood

and therefore the concentration of dissolved carbonic acid, for it is

well known that the concentration of carbonic acid in physical solu-

tion is directly proportional to its partial pressure or tension. The

abscissa therefore is the numerator of the fraction in L. J. Hender-

son's formula, [H2CO3]. Secondly, the ordinates are indices of the

denominator of the fraction or the concentration of bicarbonates in

the blood [BHCO3], for although what is actually determined is the

total carbonic acid of the blood, not only that in chemical combina-

tion as bicarbonate, but that in physical solution as well, yet since

the latter is directly proportional to the tension it can be disregarded.

Indeed Haggard and Henderson in their diagram by drawing a diag-

onal base line show directly the amount of carbon dioxide in physical

solution and of that chemically combined. We have not used this

method for in the majority of curves in the literatiu"e the total

carbonic acid at any given tension has usually been plotted above a

horizontal base line.

If now the abscissa represents dissolved carbonic acid concentra-

tion and the ordinate bicarbonate concentration, and if hydrogen

ion concentration is dependent upon the ratio of these two to each

other multiplied by a constant, then for any given point in the dia-

gram a series of radii drawn through the zero point will indicate the

magnitude of the hydrogen ion concentration. Also in any given

arterial blood the position of the A point will show the reaction. As

long as the value of the ratio [H2CO3] : [BHCO3] remains constant,

though its actual terms may vary in magnitude, the A point will

always fall on the same straight line drawn through the zero point.

We have therefore drawn a diagonal, the line OC in Fig. 1, which
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runs approximately through the A points of a number of normal

bloods. Pathologic bloods, if their A points fall to the left of this

line, will have a more alkaline, if to the right a less alkaline reaction

than normal.

By the " Carbon Dioxide Diagram", then, we are informed first of

the presence or the absence of acidosis in the sense of a changed

blood reaction, and, secondly, we are informed of the presence or

absence of non-volatile acid in the blood. This last is shown by the

level of the dissociation curve. The effect of adding acid to the

blood is to diminish its available alkali. This means that the dis-

sociation curve will be moved downward, for the ordinate represents

the concentration of blood bicarbonate. The two main facts of

acidosis, then, are revealed by the diagram, through the position of

the A point and the level of the curve.

II. Methods. There is nothing new in the methods we have

made use of. Blood was drawn from an arm vein and placed in a

tube containing some dry oxalate crystals. About 5 c.c. was placed

in each of three tonometers which had previously been filled with

mixtures of air and carbon dioxide of known tension. The type of

tonometer used was that shown in Fig. 145 of Barcroft's book.'

The tonometers were then placed in a brass cylinder filled with water

at body temperature and slowly rotated in a horizontal position for

ten minutes by a motor. This rotating bath was a copy of one which

was in use in Barcroft's laboratory at Cambridge in 1913. After

equilibration the carbon dioxide content of the blood from each

tonometer was determined by means of Y. Henderson's blood gas

apparatus."

Three points in the dissociation curve were thus obtained and

plotted as in Fig. 1. In the plot the ordinates represent the concen-

tration of carbon dioxide of the blood in terms of volumes percentage,

that is the contents as found by blood gas analysis. The abscissae

represent the tension of carbon dioxide in millimeters of mercury,

that is the partial pressure of carbon dioxide in the equilibrating

atmosphere. These points having been obtained for any given blood,

the most probable curve was then drawn through them.

The next step in the construction of the " Carbon Dioxide Dia-

gram" is the fixing of the arterial or A point. This can be done, of

course, by finding either the concentration of carbon dioxide in the
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arterial blood and its appropriate abscissa and the point where this

intersects the curve, or by determining the tension of carbon dioxide

in the arterial blood and finding the point where its ordinate inter-

sects the curve. If both methods were used they would serve as a

check upon each other.

The concentration of carbon dioxide in arterial blood we obtained

by drawing samples under oil from the radial or brachial artery after

the method of Stadie,^^ and then determining their carbon dioxide

content with the Henderson apparatus. Direct determination of the

tension of gases in the circulating blood has been done experiment-

ally by Krogh^^ but could hardly be done satisfactorily with human
beings. In the absence of lesions of the lungs or of disturbances of

the circulation through the pulmonary circuit, however, it is safe

to assume that the arterial blood so far as carbon dioxide is concerned

.is essentially in tension equilibrium with the alveolar air, as obtained

by Haldane's method. ^^

In plotting the A point of our several curves we sometimes have

made use of the carbon dioxide tension of the alveolar air, sometimes

of the carbon dioxide content of the arterial blood. The method

used in each instance is noted in Table I.

TABLE I.—DISSOCIATION CURVES: POINTS ACTUALLY DETERMINED.*

Curve 1.

Curve 2.

Curve 3.

Curve 4.

Curve 5.

Curve 6.

Curve 7.

Curve 8.

Curve 9.

«« «^
Curve 10.

I

Curve 11.

Curve 12.

Curve 13.

Curve 14.

Curve 15.

M. N. W.'s blood, normal

J. H. M.'s blood, normal .

L. H. 's blood, diabeticjacidosis

Same, one day later .

Same, three days after curve 4

T. C.'s blood, renal acidosis .

Same, next day after alkali .

E. D.'s blood, influenza pneu-
monia

G. A.'s blood, lobar pneu-
monia

N. D.'s blood, bronchopneu-
monia

E. H.'s blood, cerebral hem-
orrhage

J. W. F.'s blood, myelogenous
leukemia, secondary anemia

A. W. T.'s blood, secondary
anemia

F. M.'s blood, idiopathic tet-
any

J. B.'s blood, primary anemia

P CO,
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III. Cases Studied, We determined in all fifteen dissociation

curves. The points determined are all shown in Table I while the

actual curves with their A points are shown in Fig. 1. Two of these

curves were for the bloods of normal individuals, three were of the

blood of a diabetic with acidosis, three were of the blood of pneu-

monia patients, two of anemias (one primary and one secondary),

one of a patient with cerebral hemorrhage, one of a case of myelo-

genous leukemia and one of a case of idiopathic tetany.

Normal Individuals. As we stated earlier in interpreting the

"Carbon Dioxide Diagram" one phase of the question is answered

b}^ the level of the dissociation curve. This being true it becomes

necessary to discover the level of the normal curve. We have

searched the literature for such curves and found several. In Fig. 1

a shaded zone is shown. Of the curves taken from the literature this

zone will contain those of the bloods of Haldane,!'' of Hasselbalch,^

of Parsons,'^ of Joffe,^^ of Liljestrand^^ and of Lindhard,i^ and also

those of two of the present writers, J. H. M. and M. N. W\ (curves

Nos. 1 and 2). A similar zone has been published by Straub and

Meier,^^ which is said to include .320 points of the bloods of 64 normal

persons. The lower border of their zone falls within our zone, but

their upper border is very much higher and so at variance with the

work of other investigators that we are inclined to believe it incor-

rect. The A points of J. H. M.'s blood, of M. N. W.'s blood and of

that of Haldane, Liljestrand and Lindhard all fall either on the OC
line in Fig. 1, or at a distance on either side of it so slight that it

would make a difference of not more than 0.02 in the Ph. The data

for placing the A point of the other curves taken from the literature

were not found in the several papers.

Diabetic Acidosis. Three curves (Nos. 3, 4 and 5) were obtained

in the case of a boy with diabetic acidosis (L. H., Hospital No.

234768 W.M.).

The first of these curves (No. 3) was obtained on January 23,

1920. He had then just entered the hospital with a moderately

severe diabetes mellitus, and with a considerable acetonemia. He was

somewhat droAvsy but not in coma. There was no noticeable hyper-

pnea and no subjective dyspnea. The low position of the curve on

this day shows a very low combining power of the blood with carbon
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dioxide and hence indicates the presence of a large quantity of non-

volatile acid in the blood. Nevertheless the A point of this curve is

practically on the ()C line, wliic-h means presumably that his blood

reaction was normal. He had, in other words, what has been called

by Y. Henderson and others a compensated acidosis. He had

acidosis in the sense of having abnormal acid present in his blood,

but he had, by increasing his pulmonary ventilation and thereby

reducing the tension of carbon dioxide in his alveolar air, so reduced

the dissolved carbon dioxide of his blood that the normal value of

the [H2CO3] : [BHCO3] ratio was preserved. Tlu-ough his pulmonary

response he had kept his blood reaction normal.

After this he was starved, but given water and salt freely, and on

January 24 his dissociation curve had risen to the position of curve

Xo. 4. The A point of this curve is slightly to the acid side of the

OC line and may indicate that his compensation was not quite as

good as it had been on the day before. It must be said, however,

that as we approach the lower left hand corner of the diagram the

position of the A point becomes less and less accurate. The experi-

mental error in determining the carbon dioxide content by the

method used is probably at least 1 per cent., and with low curves an

error of 1 per cent, will make much more change in the Ph than it

would with curves in the normal position. We should hesitate to

say, then, that the A point of curve Xo. 4 really proved the presence

of a decompensated acidosis. Curve Xo. 4 being higher in position

than curve X"o. 3 shows that the patient had somewhat improved

his supply of available blood alkali.

On January 27 curve X'o. 5 was obtained. This shows a very

striking increase in available alkali and an A point on the OC line

indicating perfect compensation.

Unfortunately no further observations were obtained with this

patient, for he left the hospital against advice.

Nephritic Acidosis. We also had an opportunity to get two curves

in the case of a man aged fifty-five years (T. C, Hospital X'^o. 235223,

W. M.), who was brought to the hospital with a very intense grade

of hyperpnea. It proved to be impossible to measure his pul-

monary ventilation, but from the general character of his breathing

as compared with a similar case of h}-perpnea reported by Means
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and Rogers^^ it seemed probable that he was breathing 40 to 50 Hters

per minute.

His underlying malady was arteriosclerotic nephritis, but he had

in addition an obstructing prostate and a double pyelonephritis.

He was in a profound state of uremia and retention acidosis. The
dissociation curve (curve Xo. 6) obtained the day he came in,

February 19, 1920, had the lowest position of any in the series, indi-

cating that the available alkali was very greatly reduced. Not only

that, but the. position of the A point of the curve definitely to the

right of the OC line shows that in spite of his terrific hyperpnea, his

respiratory response was insufficient to preserve his normal [H2COJ

:

[BHCO3] ratio and he had an actual change in the reaction of his

blood in the acid direction, a decompensated acidosis in other words.

The actual shift in the Ph> as explained earlier, in this part of the

diagram can only be roughly estimated, but it could not have been

less than 0.2. His actual oxygen saturation on this day was 89.6

per cent, and his hemoglobin 69.3 per cent, (calculated from the

oxygen capacity)

.

After the blood had been drawn for the first curve he was

promptly started on large amounts of sodium bicarbonate intra-

venously and by rectum. A free flow of urine was also obtained by

catheterization.

The next day, after he had had approximately 175 grams of sodium

bicarbonate, there was a most extraordinary change. Ihe hyper-

pnea had entirely gone and he was no longer drowsy. Curve No. 7

was obtained. The change in the curve is as extraordinary as that

in his clinical condition. From being very low it has moved to a

higher level than normal. On that day, then, his available alkali

was greater than in normal individuals. Furthermore the A point

had moved to the left side of the OC line to such a distance that we

feel that he probably had, on that day, an actual shift in blood

reaction in the alkaline direction. A large amount of fluid had been

got into him and this was reflected in the hemoglobin, which had

dropped to 51.1 per cent. He, moreover, no longer had arterial

anoxemia, his arterial blood being 93.5 per cent, saturated.

The improvement of course was very transient, as he had practi-

cally no renal tissue worthy of the name. He became uremic and

acidotic again, and died on February 23.
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Pneumonia. A curve was obtained from each of three patients

with pneumonia.

Fig. 1

"Carbon Dioxide Diagram," in health and disease. The ordinates represent

carbon dioxide content of the blood in volumes per cent., the abscissae tension of

carbon dioxide in millimeters of mercury. The shaded zone indicates the area

within which we believe the curves of normal bloods fall. The line OC represents

the hydrogen ion concentration of normal blood. The arterial or .4. points are shown

by black dots. The points in the several curves actually determined are shown in

Table I. The several curves shown are as follows: 1, M.X.W., normal; 2. J.H.M.,

normal; 3, L.H., diabetic acidosis; 4, same, one day later; 5, same, three days after

4; 6, T.C., renal acidosis; 7, same, after alkah administration; 8, E.D., influenza

pneumonia; 9, G.A., lobar pneumonia; 10, N.D., bronchopneumonia; 11, E.H.,

cerebral hemorrhage; 12, J.W.F., myelogenous leukemia, secondary anemia; 13.

A.W.T., secondary anemia; 14, P.M., idiopathic tetany; 15, J.B., primary anemia.
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The first of these (curve No. 8) was that of the blood of a man aged

thirty-nine years with influenza pneumonia (E. D., Hospital No.

235143, E. M.). The curve was obtained on February 18, 1920.

His influenza had begun on February 12 and his pneumonia on

February 16. It was of the fulminating variety of influenza pneu-

monia. On the day the curve was obtained there were scattered

areas of consolidation throughout both lungs. There was frothy

bloody expectoration and a marked diffuse bronchitis. Respirations

were rapid and shallow. He had a dull leaden cyanosis of the mucous

membranes and finger tips. The striking thing about his diagram

is that while the level of the curve is quite within the normal zone,

the A point is far to the right of the OC line, indicating a definite

shift in the blood reaction in the acid direction, equal roughly to

a decrease of about 0.10 in the Ph- On the same day the oxygen

saturation of this man's arterial blood was 59.3 per cent, and his

hemoglobin 103.8 per cent. The arterial blood as drawn into a

syringe was quite as dark as normal venous blood. He died on

February 19. No autopsy was obtained.

The next diagram of pneumonia blood (curve No. 9) is that of a

man aged fifty-nine years with true pneumococcus (Type 2A) lobar

pneumonia (G. A., Hospital No. 234890, E. M.). The curve was

obtained on February 11, 1920, his pneumonia having begun some

two weeks before. He had on this day extensive double lobar pneu-

monia, the course of which had been progressively worse. His

breathing was labored and grunting and he had marked cyanosis.

About eight hours after the blood for the diagram was taken he

died. No autopsy was obtained. His arterial oxygen saturation on

February 11 was 74.5 per cent, and his hemoglobin 118 percent.

This man's curve, like the preceding one, is within the normal zone,

the A point also being to the right of the OC line, but less strikingly

so than in the case of E. D.'s blood.

The last pneumonia blood studied (curve No. 10) was that of a

man aged forty-three years with postoperative bronchopneumonia.

He also had pulmonary emphysema and chronic bronchitis (N. D.,

Hospital No. 235177, W. S.). He had an operation for gall-stones

on February 21, 1920 and on February 22 his pneumonia began.

The curve was obtained on February 25. On that day he had areas
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of consolidation scattered through both kings, many rales, deep

cyanosis, and rapid grunting breathing. It is interesting to note

that the level of his dissociation curve is above the normal zone, yet

his A point like that of E. D. (curve Xo. 8) is well to the right of the

OC line. His arterial oxygen saturation on February 25 was Sli.o

per cent, and his hemoglobin 122 per cent. He made an uneventful

recovery.

Blood Disease. The curve of three bloods of patients with blood

disease were obtained. One of these (curve No. 12) was that of a

man aged thirty-three years in a leukemic phase of myelogenous

leukemia (J. W. F., Hospital Xo. 234688, E. M.); he likewise had a

marked secondary anemia. The red cell count was 1,280,000, the

white cell count 5600 and the hemoglobin 45 per cent. The inter-

esting thing about his curve is that it throughout lies at a higher

level than the upper border of the normal zone and that the A paint

lies to the left of the OC line.

The ciu-ve (Xo. 13) of a man aged forty-four years with secondary

anemia of moderate grade (A. W. T., Hospital Xo. 235045, E.M.),

whose red cell count was 3,248,000, white count 6600 and hemo-

globin 73 per cent, also lay at a higher level than normal. Data for

plotting the A point of this blood were unfortunately not obtained.

The diagram of the blood of a man aged fifty-six years (J. B., Hos-

pital Xo. 235713, W. M.) with pernicious anemia (curve No. 15)

showed a still higher position of the dissociation curve and an A
point still further to the left than that of curve Xo. 12. This man's

red cell count was 1,849,000, the white count 4000 and the hemo-

globin 25 per cent.

Miscellanous Curves. One diagram (curve X'^o. 11) was obtained

in the case of a man aged fifty-eight years with a cerebral hemor-

rhage (E. H., Hospital Xo. 235387, W. M.). This showed a slightly

higher level of the curve than did the normals, and an A point

slightly to the left of the OC line.

The blood of a woman aged twenty-eight j'ears with idiopathic

tetany (F. M., Hospital Xo. 235679, E. M.) showed a curve just

above the upper border of the normal zone (curve Xo. 14) and an

A point slightly to the right of the OC line.
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IV. Discussion. The interpretation of the results just presented

is fraught with considerable difficulty. As we pointed out earlier,

even the range of variation of the level of the carbon dioxide dis-

sociation curve of normal blood is not known. The zone we have

shown in Fig. 1, wliile it includes the curves determined for normal

blood by a number of different observers, may perhaps not represent

the true range. It may be either too wide or too narrow, or either

or both of its borders may be too high or too low. It will require

a large series of normal curves to determine correctly the limits of

normal variation. Nevertheless the striking variations from the

few normal curves available, that are shown by some of the patho-

logical bloods here studied, it seems to us, are not without clinical

interest.

Before passing to a discussion of the various trends of these varia-

tions, let us consider for a moment some of the pitfalls that lie in our

way. In the first place what are the relative degrees of accuracy of

the several procedures involved in the construction of the " Carbon

Dioxide Diagrams." The shape and level of the dissociation curves

we believe are substantially correct. The concentration of carbon

dioxide in the blood by the method used should be accurate within 1

volume per cent. ; that of carbon dioxide tension should certainly

be accurate within less than 1 mm.
The position of the OC line, which we have drawn to represent

the normal ratio of free carbonic acid to bicarbonate according to the

calculations of Straub and Meier from Hasselbalch's formula, would

indicate a Ph of approximately 7.35. The actual Ph of arterial blood

as found by the gas chain is given by Michaelis-" as 7.45. As already

stated, the A point of the curves of Haldane's, Liljestrand's, Lind-

hard's, J. H. M.'s and M. X. W.'s blood fall either on the line, as we

have drawn it, or at an insignificant distance from it.

About the accuracy of the position of the A points of the several

curves we must speak with less assurance. As has already been said>

two ways of plotting this point were used. Both these methods are

open to criticism. The plotting of the A point from the carbon

dioxide tension of the alveolar air w^ould be satisfactory provided,

first, that accurate samples of arterial pulmonary air could always

be secured, and, secondly, provided that the arterial blood is always
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in tension equilibrium with the alveolar air. In normal individuals

both these provisions hold true. It is undoubtedly possible to get

accurate alveolar carbon dioxide tension by Haldane's method in

well-trained normal subjects. So also it is entirely probable that

their arterial blood is in tension equilibrium with their alveolar air,

as far as carbon dioxide is concerned. In the sick patient, however,

not only may it be impossible to obtain reliable Haldane samples of

arterial pulmonary air, but furthermore, if there is gross pathology

within the thorax it is quite possible that alveolar air and arterial

blood will not be in tension equilibrium.

It was for this reason that in patients with pulmonary disease, or

with those from whom for any reason we could not get good alveolar

air samples, we resorted to the method of plotting the A point from

the carbon dioxide content of the arterial blood. This method

might at first be thought to be free from the errors of the alveolar

air method, but yet, as Peters-^ has recently pointed out to us, it is

not entirely so. Provided the patient made no alteration in his

pulmonary ventilation while the arterial sample was being drawn,

there would be no error; but supposing he, through fright or pain,

either increased or decreased his ventilation, then we should have

an abnormal carbon dioxide content—abnormally low in the former

case, abnormally high in the latter—which would give us a false

position of the A point: too far to the left in the former case, too far

to the right in the latter.

Another t^-pe of possible error is due to tlie nature of the diagram

itself. In places where the dissociation curve is more nearly hori-

zontal than vertical, an A point plotted from the carbon dioxide

tension will obviously be more accurate than that of one plotted from

the carbon dioxide content; and conversely, when the curve is more

nearly vertical than horizontal the carbon dioxide content will give

the more accurate point. To illustrate this principle take, for example,

the A point of curve No. 15. Here an increase of 1 volume per cent,

in carbon dioxide content would move the A point some three

times nearer the OC line than would a rise of 1 mm. in the tension;

and a rise of 2.5 volumes per cent, in the content would place it on

the OC line, while a rise of 2.5 mm. in tension would still leave it

far to the left.
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One last source of error must be mentioned, and that is the effect

of oxygenation upon the level of the carbon dioxide dissociation

curve. Christiansen, Douglas and Haldane^'' in their original paper

showed that the curve for oxygenated blood has a definitely lower

level than that of reduced blood. The curves that we have included

in our normal zone were all those of oxygenated blood. Now since

arterial blood is normally nearly saturated, no error is introduced in

the plotting of the A point by the effect of oxygenation on the carbon

dioxide capacit}^ except with such patients as have an arterial

anoxemia. It will be noted that the three pneumonia patients studied

all did have arterial anoxemia. Now it might be argued that in

these cases it was not legitimate for us to place an A point from the

carbon dioxide content of their anoxemic arterial blood, upon a dis-

sociation curve of fully oxygenated blood. This objection would

hold except for the interesting fact just discovered by Y. Hender-

son that the dissociation curve of oxalated blood, that has not been

exposed to air, usually shows no shift with oxygenation.- The shift

described by Christiansen, Douglas and Haldane occurred in defib-

rinated blood. This finding of Y. Henderson has, we understand,

been confirmed by L. J. Henderson.-^ Its explanation is yet to be

discovered, but it enables us in the present research to eliminate

the effect of oxygenation and reduction, and therefore to plot our

A points upon a curve of fully oxygenated blood, even though they

are plotted from carbon dioxide contents of anoxemic bloods.

Bearing these several considerations in mind let us now attempt

the interpretation of our diagrams. We might repeat that our

main object is twofold: first, to discover acidosis in the sense of

diminished alkali reserve as shown by the level of the curve; and

second, to discover acidosis in the sense of altered blood reaction

as shown by the position of the A point, in other words, to dis-

tinguish between acidosis compensated and acidosis decompensated,

and of course to discover the opposite conditions of compensated and

decompensated alkalosis if such exist.

The curves obtained with the diabetic L. H. (curves Nos. 3, 4

and 5) show nothing particularly new. They illustrate very beau-

tifully a condition of marked but compensated acidosis; that is,

great reduction in available alkali but perfect pulmonary response

with maintenance of normal blood reaction, and recovery therefrom.
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The curves obtained with the nephritic T. C. are even more

striking. When the first curve (curve Xo. 6) was obtained he

undoubtedly was suffering from a decompensated acidosis. The

change in the position of the curve over night, chiefly due no doubt

to the alkah he had received, is little short of miraculous. From a

condition of decompensated acidosis he had passed really in this

brief inter\al to one of decompensated alkalosis, to use the same

terminology.

The curves of the three pneumonia patients are perhaps more

illuminating. Two of them, those of E. D.'s blood and of G. A.'s

blood (curves Xos. 8 and 9) are within the normal zone, showing

that both these patients had a normal reserve of alkali, and there-

fore presumably no abnormal acid in the blood; with each of them

the A point is displaced in the acid direction. The curve of the third

pneumonia patient, X. 1)., is at a higher level than normal, but like

the other two its A point is displaced to the right. These A points

are plotted from the carbon dioxide content of the arterial blood.

As to their accuracy, we have already pointed out the effect of over-

or underventilation. We have no proof that the ventilation of these

patients was unaltered while we drew the arterial blood samples.

However they were all very ill, and took little or no interest in the

procedure. Cocainization prevented pain, and therefore there

seems good reason to believe that no alteration in breathing occurred.

There was no holding of the breath and no decrease in rate of breath-

ing; that at least could be told by observation. If any change

occurred then it was more likely an increase rather than a decrease.

But an increase would move the A point to the left, which is the

opposite to what was actually fomid. All things considered, then,

we feel that it is reasonably certain that the hydrogen ion concen-

tration of these pneumonia bloods was really altered in the acid

direction.

In pneumonia, then, we may have in critically ill patients a condi-

tion in which, although the buffer of the blood is quite normal, the

reaction is more nearly acid than normal. There is an acidosis in

the latter sense, but none in the former. The only explanation of

this rather paradoxical state of affairs that occurs to us is that the

condition actually is one of carbonic acidosis. A person with no
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non-volatile acid present in the blood,' but with a pulmonary ven-

tilation insufRcient to preserve his normal [H2C0a] : [BHCO3] ratio,

would have just such a diagram as these pneumonia patients. We
already know because of their arterial anoxemia that they are not

getting oxygen properly into their blood. It is certainly conceivable

that in a similar way they are not getting carbon dioxide out. Their

effective lung ventilation may be much greater than normal and still

be insufficient, and it is not difficult to see how, because of mechani-

cal limitations to the respiratory movements from pleurisy or

through consolidation of the lungs, or because of decreased per-

meability of the alveolar membrane, the output of carbon dioxide

might be hindered.

Henderson and Haggard^^ have shown that the reaction to in-

creased carbon dioxide is an increase in the carbon dioxide capacity.

This they observed in experimental morphine poisoning. It is the

converse of the reaction to non-volatile acidosis. In the one case

the available alkali being reduced the tension of carbon dioxide is

reduced in compensation, while in the other case the tension being

increased the alkali is increased in compensation. It occurred to

us that this might be what was happening in the patient X. I),

(curve No. 10). This curve is at a higher level than normal, 3'et the

A point is well to the right of the OC line. The reaction of his blood

then is more nearly acid than it should be, yet his available alkali

is greater than normal also. This may be an attempt at compensa-

tion and it can be seen that if the carbon dioxide capacity of this

blood increased only three volumes per cent, more, the A point

would fall on the OC line. It very likely is only a coincidence, but

it is interesting to note that this attempt at the compensation of a

carbonic acidosis in this particular case proved a good prognostic

sign, for this patient recovered shortly after, Avhile the other two

died.

Of the curves of the 3 cases of anemia (curves Xos. 12, 13 and 14),

2 showed a higher level than normal, that of J. B. with primary

anemia being in the highest position of all the curves obtained.

The curve of J. W. F. with myelogenous leukemia in an aleukemic

stage and with a marked secondary anemia, was also at a higher

level than normal. The A points of these two curves are also to the
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left of the OC line, denoting' an increased alkalinity of their hlocxl.

The curve of the other anemic patient A. W. T.'s hlocxl is within

the normal zone; the A point of this curve was not obtained.

What may be the significance of the high le\'el of these curves in

anemia we do not know. Peters-^ tells us that he has found much

the same thing in some of the anemic bloods he has studied. The

dissociation curve of the blood plasma lies at a higher level than

does that of whole blood as shown by Hasselbalch^ and by Joft'e and

Poulton^^ and it may be that the le\'els of anemic bloods are higher

in part because of the greater proportion of plasma that they con-

tain. For the position of the A points of these curves we also can

offer no explanation. Both curves Nos. 12 and 15 are more nearly

horizontal than vertical in the neighborhood of the OC line. Hence

an A point plotted from tension would be more accurate than one

plotted from content. That of Xo. 12 was plotted from tension and

is, we believe, reasonably accurate. That of Xo. 15 was plotted

from content.

The two remaining curves are that of F. M. with idiopathic

tetany (curve Xo. 14) and of E. H. with cerebral hemorrhage (curve

Xo. 11). The former was constructed to see whether any evidence

of a condition of alkalosis could be found. Xone was, for the level

of the curve is just above the upper limit of the normal zone and the

A point on the right, not on the left, of the OC line. The curve of

E. H. is, on the other hand, a little high and the A point slightly to

the left. The single observation in tetany does not prove very

much, for, as has been shown by Wilson, Stearns and Thurlow,-^

there are marked and rapid variations in the acid base equilibrium

in tetany, and it is quite possible that our patient may have been

en route from a stage of alkalosis to one of acidosis at the time the

blood was drawn.

Considering the A points of the entire series, we find that they are

so distributed as to indicate a range of variation in the Ph of roughly

from 7.25 to 7.55. Sonne and Jarlov,-^ calculating in a similar way,

found a range of variation from 7.15 to 7.-40, the difference in the Ph

of our extremes thus being 0.30 and of theirs 0.25. Their highest

hydrogen ion concentration was in a case of severe diabetes mellitus

with acetonuria, and their lowest was in a case of chronic nephritis
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with hypertension. AVith the gas chain MichaeHs^" has found

variations from 7.74 to 7.12, the first being in a case of syphilitic

hemiplegia, the second in a case of diabetic coma just before death.

It seems entirely likely then that our A points are all within a range

of variation compatible with life, and that they are not necessarily

artefacts.

As to therapeutic indications brought out by the present study,

there are one or two that are worth mention. In the first place, in

regard to acidosis such as that presented by the diabetic L. H. and

the nephritic T. C. While the diminution of alkali was of somewhere

near the same order of magnitude, the acidosis of L. H. was appar-

ently compensated, while that of T. C. was decompensated. It is

also of interest that while L. H. had no appreciable amount of respir-

atory distress T. C. had a maximum amount. This we believe may
in part have been due to the fact that his was a decompensated

while L. H.'s was a compensated acidosis. This brings up the

problem of what are the indications for alkali therapy. The curve

of L. H. went back toward normal with no alkali administration

in a perfectly satisfactory way, and indeed it is generally conceded

now that alkali is usually unnecessary in the treatment of diabetic

acidosis.

In compensated acidosis the return to a normal level is going to

be accomplished by the elimination of neutralized acid by the kidney.

The lungs have already done their part in preserving blood reaction.

Under the circumstances it is questionable whether the giving of

alkali will accomplish any great good, and indeed it is possible if

too much is given that it may do harm by producing alkalosis. The

indication, then, in compensated acidosis would seem to be rather

to promote elimination by the kidneys by giving fluids freely, and

if, as in diabetes, this is coupled with starvation, which would lessen

the further production of non-volatile acid, it would seem to be

sufficient therapy'.

In decompensated acidosis, on the other hand, alkali adminis-

tration is probably indicated, because here we have an insufficient

pulmonary response. The supply of additional bicarbonate may
well restore the [H2CO3] : [BHCO3] ratio to a normal value; indeed

with T. C. it did more than that and actually pushed his reaction to



MEANS, BOCK, WOODWELL: ACID BASE EQUILIBRIUM 287

the other extreme. That it is desirable to restore blood reaction to

normal cannot be donbted. The very high hydrogen ion concentra-

tions that have been found have all been in critically ill patients,

who usually in fact were in a moribund state. On the other hand, it

is undoubtedly quite as important not to overdo the alkali therapy,

as was done with our patient T. C. A warning that excessive alkali

therapy may be harmful has been given by Allen, Stillman and

Fitz.-^ They believe, particularly in persons with damaged kidneys,

that alkali should be used with great caution. That tetany can be

produced after alkali administration is in itself evidence that alka-

losis as well as acidosis may be harmful per se and equally to be

avoided. The case reported by Harrop-^ of a woman with mercuric

chloride poisoning who developed tetany and showed a plasma

bicarbonate capacity of 80 volumes per cent, after the intravenous

injection of 60 grams of sodium bicarbonate, is particularly interest-

ing in this regard. Equally pertinent is the recent work of Grant

and Goldman,2^ who succeeded in producing tetany and other

unpleasant s^Tnptoms in themselves by prolonged voluntary forced

breathing. They were able at the same time to demonstrate a

change in the Ph of the blood in the alkaline direction, and had the

interesting situation of a low position of the dissociation ciu*ve as

shown by the alveolar carbon dioxide tension and the carbon dioxide

capacity of the plasma and at the same time a blood more alkaline

in reaction than normal. It really is the diametrically opposite

condition to that shoAvn by our pneumonia patient X. D. (curve

No. 10).

As to the indications for treatment in pneumonia, we can only

say that the}' would seem to be to facilitate lung ventilation. Accord-

ing to our present knowledge, however, such indications can only

be indirectly met. Pleasures which facilitate the mechanics of

respiration, the relief of pleural pain, the placing of the patient in

the upright position, are of this order. So too are specific or other

forms of treatment which by reducing fever decrease the meta-

bolism, and hence the carbon dioxide output, and so decrease the

amount of ventilation necessary to preserve the normal acid-base

ratio. As Hoover^'' has pointed out, anoxemia may or may not be

relieved by oxygen administration, but in any event difficulties in
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carbon dioxide elimination cannot be so relieved, and consequently

it seems unlikely that oxygen administration will have any great

beneficial effect in the treatment of pneumonia. Several years ago

Newburgh, Means and Porter^^ showed that the respiratory center

gradually fails during the course of experimental pneumonia. It has

also been shown b}' Davies, Haldane and Priestley^- that resistance

to breathing actually causes fatigue of the center. It is quite possible

that the failure of the center noted by Newburgh, Means and Porter

was in part due to such fatigue, the fatigue resulting from an incom-

pletely successful respiratory effort to overcome a tendency toward

carbonic acidosis.

V. Summary. "Carbon Dioxide Diagrams" (Haggard and

Henderson) have been constructed for the bloods of a series of

hospital patients as a method of studying disturbances in their

acid-base equilibrium.

A diabetic with a low level of blood alkali, but with a normal

blood reaction, a compensated acidosis in other words, showed a

rapid return toward normal with no treatment but starvation and

increased water and salt intake.

A nephritic with a decompensatec acidosis and a very low blood

alkali was rapidly brought to a condition of decompensated alka-

losis with a high blood alkali by the therapeutic administration of

sodium bicarbonate.

It is suggested that the therapeutic use of alkali in acidosis is

probably only indicated in the decompensated variety, and that

there it should be controlled carefully and that the production of

alkalosis should be avoided.

The diagram obtained in three pneumonia patients suggested

that they were suffering from a condition of carbonic acidosis, due

pei'haps to insufficient pulmonary .ventilation.

In 2 out of 3 cases of anemia, the dissociation curve was found to

lie at a higher level than normal. No explanation for this finding

was offered.
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DISCUSSION

Dr. C. F. Hoover, of Cleveland, Ohio, asked if Dr. Bock found his

results inconsistent with the anoxemia of pneumonia, due to the contribu-

tion of unexpired blood to the aortic stream. In these patients, giving them

pure oxj^gen would not move the cyanosis. There is an interstitial edema,

just as in edema of the lungs with multiple thrombi. The cyanosis from

alveolar edema could not be moved, and the CO2 could not be modified at

all; but in a man with phosgene poisoning, giving oxygen would modify the

cyanosis. The phosgene patient could not tell whether he was breathing

oxygen or not.

Dr. Bock said he could not explain the anoxemia. He thought that what

Dr. Hoover said was correct. CO2 was apparently accumulating. They

had made determination to find out what oxygen was present. An accumu-

lation of CO2 would show that the ventilation was insufficient.

Dr. Hoover said that recently Haldane had made the statement that

anoxemia was due to the rapid breathing, but one also found anoxemia with

slow breathing.

Dr. Bock said that the patients did not seem to expire the CO2. They

could not get rid of it.

Dr. Hoover said they did in a measure compensate for the CO2 but not

for the anoxemia.

Dr. Bock said these patients could not accomplish ventilation enough

to preserve the ratio.



THE PRODUCTION OF GENERALIZED SYPHILIS

IN THE RABBIT BY LOCAL INOCULATION
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For many years, students of syphilis have been seeking means

of producing an experimental infection in laboratory animals

which would meet the needs for the investigation of problems of

human sj-philis. The earlier attempts to transmit the disease to

animals were unsuccessful but in 1904 it was shown that an infec-

tion comparable to that in man could be produced in the higher

apes and a less characteristic condition was obtained in certain

species of monkeys. The usefulness of these infections was neces-

sarily rather restricted on account of the animals employed and

attention was directed to the development of some other type of

experimental object.

The rabbit seemed to offer the most hopeful solution of this

problem and eventually it was shown that a widespread infection

could be produced in a considerable proportion of animals by

intracardial or intravenous injection of massive doses of Treponema

pallidum. Of course, this type of infection did not reproduce the

sequence of events as they occur in man and while the lesions

were no more than multiple primary lesions, the experiments served

to show a general suceptibility of the rabbit's tissues to pallidum

infection.

Simple, local inoculation failed to give the desired result but

brought out an interesting paradox in the animal reaction. It was

found that the rabbit could be readily infected and reacted with
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the formation of a lesion at the site of inoculation which was closely

analogous to that in man; in some instances at least, the organisms

became widely distributed through the body of the infected animal

and yet the occurrence of lesions other than those at the site of

inoculation was extremely rare. In contrast to the infection

which occurs in man, the striking features of that produced by

local inoculation in the rabbit were the marked reaction at the

site of inoculation and the total absence of other lesions.

Various explanations might be offered for this apparently anoma-

lous condition but from the facts at our disposal, it appeared that

the underlying cause for the absence of generalized lesions in the

rabbit was to be found in the reaction at the site of inoculation.

Thus, out of 126 rabbits in our series which had shown generalized

lesions,^ the majority of them belonged to one of three categories:

1. Animals in which the initial reaction had been slight,

2. Animals which had been subjected to operative removal of

primary lesions.

3. Animals whose primary lesions had been reduced by the

administration of some therapeutic agent.

An analysis of the cases of generalized syphilis reported in the

literature also showed that a surprisingly large proportion of those

observed by other investigators belonged either in Class 2 or were

animals which had been inoculated at one instead of several foci

as has been a common practice.

From these facts, we were led to believe that under ordinary

circumstances the marked reaction which followed a bilateral

inoculation in the testicles or scrotum of the rabbit might be suffi-

cient in itself to exercise a considerable influence over all otljer

manifestations of disease and to inhibit the development of general-

ized lesions. In like manner, it appeared that any condition or

influence which tended to reduce or to suppress this reaction might

remove or diminish its inhibitory effect and thus favor the develop-

ment of other lesions.

. This hypothesis was subjected to experimental test but before

' For a description of the manifestation of generalized syphilis in the rabbit,

the reader is referred to a scries of papers by the authors in the Journal of Experi-

mental Medicine, 1920, xxi, beginning with page 709.
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undertaking the experiments which we had in mind, it was consid-

ered necessary to determine the facts as to the frequency and

extent of the dissemination of the infecting organisms following

a local inoculation.

DiSSEMIXATION OF SPIROCHETES FROM THE PoiXT OF IxOCU-

LATiox. The spread of organisms from the point of inoculation

was studied by a systematic examination of the inguinal lymph

nodes of rabbits inoculated in the scrotum and by examination of

blood drawn from the hearts of animals inoculated either in the

scrotum or testicles.

Lymph Nodes. The procedure adopted for determining the

presence of spirochetes in the lymph nodes was to remove the node

with aseptic precautions under ether anesthesia; the node was then

minced and ground in a sterile mortar and an emulsion prepared

by the addition of about 1.5 c.c. of sterile salt solution. The

emulsion thus prepared was injected into one testicle of two normal

rabbits and the presence of spirochetes determined by the develop-

ment of an orchitis within sixty days after inoculation.

Nodes from 27 rabbits were examined by this method at intervals

of from forty-eight hours to sixty-one days after inoculation. All

of them proved to be infective with a comparatively short period

of incubation. In 2 other cases, spirochetes were demonstrated in

material from the nodes by dark field examination and no inocu-

lations were made. It was thus shown that virulent spirochetes

gained access to the regional lymphatics at a very' early period of

the infection—in fact before any lesion at the site of inoculation

could be recognized.

Heart's Blood. The second set of experiments on the dissemina-

tion of spirochetes was carried out by drawing 5 to 10 c.c. of blood

from the heart of an infected animal and defibrinating; 0.5 c.c.

of this blood was then injected into each testicle of two normal

rabbits and the results of the experiment determined as in the

preceding case.

A total of 81 bleedings was made on a series of 37 rabbits at inter-

vals of from seven to ninety-nine days after inoculation. Without

giving the detailed results of these experiments, it is sufficient to

say that spirochetes were demonstrated in the blood of all the

animals, indicating that invasion of the blood stream always



294 BROWN, pearce: syphilis by local inoculation

occurred after a local inoculation and again that this might take

place even before the development of a primary lesion.

Influence of the Reaction at the Site of Inoculation upon

THE Development of Generalized Lesions. When it had been

determined that early and widespread dissemination of spirochetes

always occurred following a local inoculation, we were prepared

to test our hypothesis as to the influence which the reaction at

the site of inoculation might exercise upon the occurrence of gen-

eralized lesions. This was done in four ways: (1) By comparing

the results obtained from the inoculation of one and of both testi-

cles; (2) by determining the effects of unilateral and of bilateral

castration at an early period of the infection; (3) the effects of

suppression of the local reaction by the use of a therapeutic agent

administered in doses capable of inducing resolution of the lesions

but not sufficient to destroy the infecting organisms; and (4) by

complete prevention of a primary reaction. This was accomplished

by extirpation of the entire area surrounding the site of inocula-

tion at the end of forty-eight hours. All operative procedures

were carried out under ether anesthesia.

Unilateral and Bilateral Inoculations and Effects of

Castration. In the first series of experiments, there were 27

rabbits inoculated in one testicle and 20 inoculated in both testicles.

These animals were divided into two groups one of which was cas-

trated soon after the appearance of the testicular lesion and the

other held as controls. The results of the experiments were deter-

mined upon the basis of four months' observation.

The effect of inoculating one as compared with both testicles

may be indicated by the results obtained from the uncastrated

controls of the two series.
Number of Generalized
animals. lesions.

Bilateral inoculation 6 1

Unilateral inoculation 13 8

It was apparent that this one procedure of reducing the primary

lesions by one-half had a very decided influence upon the develop-

ment of other lesions and this effect was still further augmented

when the infected organs were moved.

Bilateral inoculation and castration

Unilateral inoculation and castration .

Number of

animals.
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These effects were still further checked by a comparison of the

effects of unilateral and bilateral castration of animals inoculated

in both testicles. This experiment gave the following results:

Number of Generalized
animals. lesions.

Bilateral castration 5 5

Unilateral castration 5 1

The removal of one of the two foci of primary reaction in this

case was sufficient to permit the development of lesions other than

those in the testicles in only 1 out of 5 cases. This procedure was

not as eft'ective as if the animal had originally been inoculated in

only one testicle. Whether this would prove to be true in a larger

series of animals cannot be said.

Suppression of Prbl\ry Lesions by the Use of a Therapeltic

Agent. The series of animals in which the effects of suppression

of the primary lesions by the use of a therapeutic agent was tested,

consisted of 46 rabbits, one-half of which was inoculated in one

testicle and the other in both testicles. The drug used in these

experiments was arsenophenylglycyl dichloro-m-aminophenol which

had been studied by us in collaboration with Dr. W. A. Jacobs

and Dr. Michael Heidelberger and found to possess a relatively

greater eft'ect upon syphilitic lesions than upon the spirochetes.

Six rabbits from each of the two series were given a single intra-

venous injection of 5.0 mg. of this drug, per kilo, fourteen days

after inoculation. The results of the drug administration were

controlled in two ways: By the use of an equal number of un-

treated animals from each series and by castrations performed upon

the remaining animals at various periods of observation. All of

these animals were observed for a period of three months after

inoculation.

The results of castration need not be given further than to say

that they conformed to those previously reported. The eff'ect of

the drug upon the testicular lesions of the animals inoculated in one

testicle was to induce almost complete resolution and to suppress

further reaction in the testicle for between two and three weeks.

The eff'ect was less marked in those inoculated bilaterally and lasted

for only about seven to ten da}'s. The end-result of the experi-
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ment as regards the development of generalized lesions may be

summarized as follows:

Number of Generalized
animals. lesions.

Bilateral series:

Untreated controls 6 1

Treated animals 6 5

Unilateral series:

Untreated controls 6 3

Treated animals 6 6

It was thus shown that suppression of the primary lesions in the

testicle by the use of a therapeutic agent might have an influence

upon the development of generalized lesions fully as marked as

that of a reduction of the reaction, either by the type of inoculation

employed or by excision of the lesions and that there was an appar-

ent relationship between the extent of the suppression and the

subsequent occurrence of generalized lesions.

Complete Prevention of a Primary Reaction. A final

experiment giving the effects of complete prevention of a primary

reaction still further illustrates this feature of the relation between

the reaction at the site of inoculation and the occurrence of general-

ized lesions. In this experiment, Ul rabbits were inoculated in

the right scrotum only by inserting a small bit of infected tissue

beneath the skin of. the scrotum. At the end of forty-eight hours,

the scrotum and testicle of that side, together with a wide zone

of skin, were excised under ether anesthesia. Following operation,

the wounds healed and no syphilitic lesions developed in this region.

By the end of the seventh week, 8 of the 10 rabbits had developed

marked generalized syphilis and slight lesions appeared in the other

2 animals at two and two and a half months after inoculation. On
the whole, the infection thus produced was the most pronounced

which we have seen in any single group of animals.

Conclusions. These experiments would appear to establish

the existence of an interrelation between the reaction which takes

place at the site of inoculation in the rabbit and the subsequent

occurrences of other manifestations of disease. They indicate

that the reaction about the primary focus of infection may exercise

an inhibitory influence upon the development of other lesions;

that this influence bears a measurable relation to the intensitv
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and the extent of the i)rimary reaction and that it may be so jjreat

as to completely prevent the development of generalized lesions.

It is further shown that this influence is itself susceptible to

experimental variation—that it may be augmented, diminished,

or suppressed and that the incidence and severity of generalized

lesions will vary accordingly.

In view of these facts, it appears that intensive and multiple

inoculations, as generally practised in the rabbit, together with the

inherent tendency on the part of the animal to exhibit a marked

primary reaction to infection with Treponema pallidum have

contributed largely to the low incidence of generalized lesions fol-

lowing local inoculation; that by the use of simple procedures

which obviate these difficulties, a generalized disease may be

produced which presents many of the characteristics of human

syphilis.

DISCUSSION

Dr. Homer F. Swift, of New York, said that this was a very interesting

and important contribution. This experimental work had a bearing on

the treatment of human syphilis. It had been noted in the army work

that when the drug was used to cure the lesion but not to kill the spiro-

chetes, the reactions were more severe than if the syphilis had been allowed

to run its course. This was the first time such a conclusion had been

demonstrated in a convincing manner. A note of warning should be

sounded: this demonstration of the generalization of the spirochete so

early might have something to do with letting down the use of prophylactic

measures after exposure. Local prophylaxis was effective for a certain

number of hours. This type of inoculation was different from that which

occurred in human syphiHs. This work might explain the mode of trans-

mission of the virus into the deeper organs.

Dr. George Blumer, New Haven, said that there had been periods when

attempts had been made to prevent syphilis by excision of the primary

sore. In Dr. Brown's work the excision of the chancre led to unusually

rapid dissemination of the disease.

Dr. Wade H. Broivn (closing) said that the status of the disease in the

human being as regards magnitude of the primary lesion and the generalized

reaction was different, but generalization could occur in the human being

as early as in the rabbit. If the cases were not treated following excision,
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they got a more pronounced reaction. That, however, did not contra-

indicate excision of the chancre. In rabbits the local lesion had a necrotic

center in which the spirochetes might survive. In cases well treated there

was a chancre redux, but in human cases he did not think that excision

of the chancre would prevent generalization. The organism in experi-

mental work could be recovered from the Ijonph nodes and from the general

circulation long before they could excise the chancre. In regard to treat-

ment of earl}^ cases, although generalization might have taken place, lesions

had not developed. The s^niiptoms had to be treated, on account of the

pathological nature of the object one was trying to overcome.



AX ACUTE RESPIRATORY DISEASE IX MAX FOLLOW-
IXG IXOCULATIOX WITH A VIRULEXT

BACILLUS IXFLUEXZ/E

By RUSSELL L. CECIL, M.D.

AND

GUSTAV I. STEFFEN

The two epidemics of influenza which have swept over the

country since the fall of 1918 have served to concentrate the atten-

tion of bacteriologists once more on the etiology of this disease,

and a considerable amount of their interest has been centered on

the part played by the influenza bacillus. During the last two

years a number of investigators have tried to produce influenza

in man by direct inoculation of Bacillus influenzae cultures into

the healthy nose and throat. Almost without exception, however,

these efforts have resulted in failure.

Blake and Cecil, ^ in a recently published article, have shown

that by inoculating monkeys in the nose and throat with a viru-

lent culture of Bacillus influenzae, an acute infection of the upper

respiratory tract may be induced which is clinically similar to

influenza in man. In these experiments, the strain of influenza

bacillus employed was first rendered virulent for the species by

repeated intraperitoneal injections. By this procedure, the cul-

ture eventually became so virulent for monkeys that the inocula-

tion in the nose and throat of only a small quantity of either the

peritoneal exudate or a blood broth culture would initiate in a few

hours an acute respiratory infection characterized by sneezing,

coughing, mucopurulent discharge, leukopenia, prostration and

fever. Furthermore, several of the monkeys thus infected devel-
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oped later a hemorrhagic bronchopneumonia from which Bacillus

influenz£e was recovered at autopsy.

If monkeys could be infected so readily with a virulent strain

of B. influenzse, it seemed reasonable to suppose that, by use of

proper methods, a similar experimental disease could be produced

in man. The experiments reported in this paper were undertaken

with such an object in view.

Methods. 1. Cnlture Media. The culture media consisted

of freshly prepared "chocolate blood" agar and broth, and the

sodium oleate hemoglobin agar of Avery. The chocolate medium

was prepared by adding defribinated horse or rabbit blood to veal

infusion agar or broth, and the mixture heated at 70° C. for a

few moments until the blood changed color. The titration of the

medium was Ph 7.4 to 7.6.

2. Cultures. Two strains of Bacillus influenzae were employed

in these experiments. Both were isolated in almost pure culture

from typical cases of influenza admitted to the Willard Parker

Hospital during the epidemic of February, 1920. These two

strains presented all the morphological and cultiiral characteristics

of the Pfeiffer bacillus and failed to grow^ on blood-free media.

Strain "Graham" was cultivated from the throat of a child

w^ith influenza and influenzal pneumonia. This strain was used

in only one experiment. As the results were negative, it was dis-

carded and another culture (strain "Wick") was substituted for

the remaining experiments.

Strain "Wick" was isolated by Dr. A. W. Williams in conjunc-

tion with Streptococcus hemolyticus from the pleural exudate of a

young woman Avho died of influenzal pneumonia and empyema.

This strain was found to be virulent for both rabbits and mice.

A rabbit injected intraperitoneally with 2 c.c. of a young chocolate

blood broth culture died in five hours, and 0.25 c.c. of an eighteen-

hour culture of the same strain killed a mouse in less than twent}'-

four hours.

3. Volunteers. The volunteers selected for these experiments

were healthy adults, either medical students or laboratory workers.

Of the six individuals inoculated with Bacillus influenzae, three

gave a history of influenza during the epidemic of 1918-19. The
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Other three denied having had the disease. PreHniinary cultures

were taken in every case from the nose and throat to ehminate

influenza bacillus carriers. One carrier, however, was purposely

inoculated in order to determine whether the presence of influenza

bacilli in the nose and throat conferred any immunity against

experimental infection. No volunteers were accepted who gave

a history of any recent resjjiratory infection.

In addition to the six volunteers inoculated with influenza

bacilli, six other volunteers were selected for control inoculations.

Two of these received the filtrate from a chocolate blood broth

culture of Bacillus influenzae; two were inoculated with a virulent

Streptococcus hemolyticus and the remaining two were tested

with a virulent pneumococcus of No. 1\ group.

All the volunteers were kept under close obser\ation during the

period of the experiment. Temperature, leukocyte counts and

cultures were frequently taken, and the subjects were carefully

examined twice a day for any local or general reaction.

When the influenza bacillus was reco\-ered from cultures taken

on the volunteers subsequent to inoculation, the strain was studied

by means of agglutination and absorption tests to establish its

identity with the strain inoculated. These tests were carried out

by Dr. Olga R. Povitzsky, of the Research Laboratory of the X. Y.

City Department of Health, in connection with a biological study

of influenza bacilli undertaken by her simultaneously with the

experiments herewith reported.

IxocuL.^Tiox OF Volunteers with Washings from Chocolate

Blood Agar Slants of Bacillus Influenza. Two healthy

volunteers were inoculated in the nose and throat with freshly

isolated strains of Bacillus influenzae, which had been cultivated

for eighteen hours on chocolate blood gar slants. The growth

was washed from each slant with 1 c.c. of sterile broth, and made

a fairly thick suspension. One of these volunteers gave a histor\'

of influenza during the epidemic of 1918; the other denied having

ever had the disease. Preliminary cultures showed that neither of

these volunteers carried influenza bacilli.

In the first case one-half slant of influenza bacillus culture pro-

duced practicalh' no local symptoms whatever. There was slight
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malaise for several days following the inoculation and a frontal

headache which lasted only twenty-four hours. Influenza bacilli

disappeared from the nose and throat in a remarkably short time.

Cultures taken six hours after inoculation were entirely free from

influenza bacilli. There was no rise in temperature at any time,

and that the leukocyte count remained practically unchanged.

The second volunteer received an entire chocolate blood agar

slant of Bacillus influenza? culture in each nostril, and a different

strain (strain "Wick") was employed for the inoculation.

This volunteer appears to have been definitely infected by the

inoculation. Both the local and constitutional symptoms were

marked, and influenza bacilli were present in smears from the

nostrils twenty-four hours after the injection of the culture. The

temperature and leukocyte curves showed nothing of interest.

The most striking features in this case were the headache and

general malaise, and the well marked local inflammation in the

nose and throat.

From these tw^o experiments it w^ould appear that an acute

respiratory infection can be produced by the inoculation of chocolate

blood agar slant cultures of Bacillus influenzse, if a sufficiently

large dose of culture is employed.

Inoculation of Volunteers with the Peritoneal Exudate

FROM A Monkey with Bacillus Influenza Peritonitis. Blake

and CeciP were quite successful in producing experimental influenza

in monkeys by direct inoculation with the peritoneal exudate

from a monkey with Bacillus influenzse peritonitis. It seemed

desirable, therefore, to try this method of experimental infection

on human volunteers. The exudate was obtained by inoculating

a Rhesus monkey intraperitoneally with a large amount (20 plates)

of influenza bacillus culture. Twenty-four hours later the monkey

was dead. The cloudy exudate, containing large numbers of

influenza bacilli in pure culture, was removed from the peritoneal

cavity with a sterile pipette and was injected immediately into

the nostrils of the volunteers.

Two volunteers were inoculated with peritoneal exudate. The

dose in both cases was quite small, only 0.1 c.c. of exudate in each

nostril. In addition, the throats of the volunteers were rubbed

with a cotton swab which had been soaked in the exudate.
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The first case was particularly interesting on account of the

relapse which he experienced one week following the inoculation.

The mild infection which developed immediately after the inocu-

lation of Bacillus influenzte had about run its course when, follow-

ing exposure to cold, the patient developed a much more severe

respiratory infection which involved the nose and throat and

trachea and which necessitated his going to bed. Strangely enough,

agglutination and absorption tests carried out with the cultures of

Bacillus influenzae isolated during the relapse indicated that this

strain was entirely distinct biologically from the strain which was

originally inoculated, and which had been isolated from the nose

and throat during the first mild infection. The temperature and

leukocyte curves in this case showed practically no deviation from

the normal. There was a very slight elevation of temperature

at the onset of the relapse but this was only temporary.

The second volunteer received the same dose of peritoneal

exudate that the first volunteer received. In spite of the small

quantity of fluid injected (0.1 c.c. in each nostril) he promptly

developed a characteristic chain of symptoms.

In addition to coryza and cough, prostration was quite marked

and the headache and pains in the extremities were also charac-

teristic. The leukocyte curve in this patient showed a definite

leukopenia, the count going down from 9300 to 6000. The tem-

perature, as in the previous cases, remained normal. In fact,

it was subnormal on the day following the inoculation. It is

interesting to note that in this case influenza bacilli were still

present in large numbers in the patient's throat four weeks after

the inoculation.

Inoculation of Volunteers with Young Chocolate Blood

Broth Cultures of Bacillus Influenza. Two volunteers

were inoculated with a six-hour chocolate blood broth culture of

Bacillus influenzae. The strain used for these inoculations was the

same one used in the previous experiments with peritoneal exudate,

but in this instance freshly isolated from the throat of Case IX.

As in the two previous cases, very small quantities of culture were

inoculated. These two volunteers each received 0.5 c.c. of culture

in either nostrils but as the culture was very young the actual number
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of bacteria injected was comparatively small. We were prompted

to use the young cultures by the work of Parker,^ who found that

six-hour cultures of Bacillus influenzae were more toxic than older

cultures.

The first volunteer reacted to inoculation in a manner quite

similar to that of the two preceding cases. The temperature was

not elevated at any time; twelve hours after inoculation the tem-

perature was actually subnormal (95.6°). This patient showed

a very striking leukopenia, the leukocytes falling from 12,000 to

6000. This patient became an influenza bacillus carrier following

his attack of experimental influenza. Cultures from the throat

were positive for influenza bacilli for two or more months following

inoculation.

The second volunteer differed from all the preceding cases in

that he was a carrier of the influenza bacillus at the time of inocu-

culation. It seemed desirable to inoculate one carrier purposely

in order to determine whether the carrier state conferred any

immunity against infection by this organism. The method of

inoculation was similar to that employed in the preceding case.

This patient ran a somewhat milder course than the other volun-

teers and the question naturally arises whether the mildness of

his attack was dependent in any way on the fact that he was already

an influenza bacillus carrier. Agglutination and absorption tests

indicated very clearly that the strain which he carried and the strain

which was inoculated were entirely distinct biologically. It is

possible, however, that there was some cross-protection conferred

by the strain which the volunteer carried. Here as in the previous

cases the temperature remained stationary and the leukocytes

dropped; indeed, the temperature also dropped following the inocu-

lation and went down as low as 96.5° F. The leukocyte curve

was quite similar to that observed in Case \. The patient's

count before inoculation was 11,500. Following inoculation it

gradually went down until it reached 6500 on the second day of

his infection. This experiment would appear to indicate, however,

that influenza bacillus carriers are not necessarily immune to

infection by the influenza bacillus. Such a conclusion is in agree-

ment with observations on carriers of other pathogenic bacteria*"
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InOCILATION of ^'()LrNTEER8 WITll FjLTR\T10X OF BaCILLTS

InfliExVZJ-: Ciltires. Jii order to deterniine wliether the symp-

toms produced l)y inoculation Avith Bacillus influenzjp were due to

a genuine infection or merely to the absorption of a toxic substance,

two voliuiteers were inoculated with a filtrate from a young choco-

late bU)od broth culture of liacillus influenza^. After six hours'

incubation the cultures were passed through a Berkefeld filter,

and the filtrate inoculated at once into the volunteers. The same

strain (strain "^^'ick ") that was used for the preceding experiments

was employed for the filtrate inoculations, and each volunteer

received O.o c.c. of filtrate in either nostril.

Neither volunteer developed any symptoms following the inocu-

lation. From these two experiments it would appear that filtrates

of young cultures of Bacillus influenza? are incai)ablc of i)roducing

acute inflanunatory symptoms in the nose and throat of healthy

volunteers. It has been shown by Parker^ that young cultures

of Bacillus infiuenzw contain a toxic substance, small doses of

which will kill rabbits in a few hours. There was a possibilit\',

therefore, that the .symptoms produced by the intranasal injection

of Bacillus influenza' cultures were referable to absorption of this

toxin. The negative results, however, obtained with filtrates from

the cultures eliminate such a possibility.

Inocul.\tion of Volunteers wini Young Blood Broth
Cultures of Streptococcus Hemolyticus. It seemed desira})le

to control the experiments with Bacillus iniluenzse still further by

inoculating some volunteers with other pathogenic bacteria.

Accordingly, two volunteers who did not harbor Streptococcus

hemolyticus in their noses or throats were selected for inoculation

with a strain of Streptococcus hemolyticus freshly isolated from

the tonsils of a young woman with acute follicular tonsillitis and

peritonsillar abscess. This organism was fairly virulent, 0.1 c.c.

of a blood broth c-ulture killing a mouse in twenty-four hours.

Each volunteer received O.o c.c. of chocolate blood broth culture in

either nostril.

In the case of the first volunteer the inoculation of a virulent

Streptococcus hemol\ticus gave practically negative results. The
temperature and leukocytes remained normal. The patiiMit had

Am Phys 20
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]io Constitutional symptoms whatever, and locally the only change

noticed was a slight dryness in the throat which lasted only a few

hours. In spite of the failure, however, f)f the hemolytic strepto-

coccus to produce infection in the volunteer the organism remainerl

in the patient's throat for a week, and perha])s longer, following

the inoculation.

The second volunteer in this experiment received the same strain

of Streptococcus liemolyticus and the same amount of culture as

Case IX received. The results, however, were more definite.

The volunteer developed an acute follicular tonsillitis following

the inoculation. The infection, however, was a mild one and

lasted only three days. There was a moderate febrile and leuko-

cyte reaction, and mucopurulent exudate over the tonsils. The

patient was practically free from malaise. Headache Avas present,

but not severe. Hemolytic streptococci persisted for five days,

and perhaps longer, in the nasopharynx.

Summarizing these two experiments with the Streptococcus

hemolyticus, it may be said that the inoculation of healthy volun-

teers with a virulent Streptococcus hemolyticus produces either

no symptoms at all or gives rise to an acute tonsillitis with fever

and leukocytosis.

Inocul.\tion of Voluxteers with a Young Blood Broth

Culture of Pneumococcus. As a further control on the Bacillus

influenzae inoculations two volunteers were selected for inoculation

with a virulent pneumococcus. For this experiment two healthy

young men were chosen whose preliminary cultures showed them

to be free from pneumococci. A freshly isolated, highly virulent

pneumococcus. Type IV was used for these inoculations. This

strain had been obtained from the sputum of a child with influenzal

pneumonia. Each volunteer received 0.5 c.c. of a six-hour chocolate

blood broth culture.

The first volunteer showed no reaction, either local or general,

to inoculation with a pneumococcus T}npe IV, though the culture

inoculated was highly virulent for mice and had been freshly

isolated from a case of influenzal pneumonia.

A second volunteer was inoculated with the same culture of

pneumococcus and he too failed to develop any symptoms.
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The negative results oljtaiiied in these two vohniteers indicate

that in man the inoculation of virulent pneumococci in the healthy

nose and throat is not sufficient to induce a pneuniDcoccus infection

of the upper respiratory tract.

Discussion. The results obtained in these experiments confirm

in almost every particular, the studies on experimental influenza

recently carried out by Blake and Cecil on monkeys. In both

instances, the inoculation of virulent influenza bacilli has given

rise to an acute respiratory disease, very similar to clinical influenza,

and characterized by the presence of influenza bacilli in the dis-

charges. In monkeys the hemolytic streptococcus, when inocu-

lated in the nose and throat caused no reaction. In man, however,

one of the two volunteers developed an acute tonsillitis from which

the Streptococcus hemolyticus was recovered. In both species

virulent pneumococci failed to excite symptoms.

In view of the failure of most previous experimenters to produce

a respiratory infection in man with the influenza bacillus, it is

interesting to speculate as to the reason for success in our own

experiments. The use of freshly isolated, virulent strains was

probably an important factor. The character of the culture

medium employed also appeared to have considerable influence.

The first experiment with the washings from chocolate blood agar

slants was practically negative. The second experiment with the

same sort of suspension was fairly successful, but a large dose

(one slant in each nostril) was employed, and the symptoms pro-

duced were quite temporary. The two experiments with small

doses of peritoneal exudate from a monkey with Bacillus influenzae

peritonitis were quite successful, and so were the last two experi-

ments with small doses of young chocolate broth culture. It would

appear, therefore, that fluid cultures were more likely to produce

positive results than the washings from solid media.

As to the character of the infection produced by these inocula-

tions, the most that can be said is that the experimental disease

closely simulated the. milder forms of spontaneous influenza. The
short period of incubation in the experimental disease agrees entirely

with clinical observations as to the incubation jx^riod of genuine
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influenza. In respect to the local manifestations the analogy is

complete. The onset with sneezing, rhinitis and sore-throat,

followed in some cases by tracheitis, presents a faithful reproduc-

tion of influenza. The systemic reaction in the experimental

disease was not so profound as in true influenza, and resembled

more the prostration w^hich accompanies a severe cold or bronchitis.

It may be remarked in passing, however, that many common
colds are apparently due to the influenza bacillus. Headache was

noted in 5 of the volunteers. The prostration in Case 3 was c^uite

marked, and Cases 4 and 5 were in bed during part of their illness.

Leukopenia was present in 3 of the cases (Nos. 4, 5 and 6) ; in the

other 3, the leukocytes remained practically unchanged. Here

again the findings were in harmony with clinical influenza, and

with the experimental infections produced in monkeys. The
absence of fever in all 6 cases was rather surprising and constituted

a point of divergence from typical influenzal infections, as seen in

the epidemics. The occurrence of severe influenza without a rise

of temperature is not unusual, however. The fatal case of influ-

enzal pneumonia from which strain "Wick" was isolated and

with which 5 of the volunteers were inoculated had been in the

hospital only forty-eight hours when death occurred. During that

time, however, the temperature never rose above 99° F.

The influenza bacillus was recovered from the nose and throat

of the 5 volunteers that developed local symptoms. In one case

the influenza bacilli had disappeared twenty-four hours after

inoculation. In the 4 remaining cases (those that received Bacillus

influenzae exudate or blood broth culture) influenza bacilli persisted

in the nose or throat for several days or even weeks after inocula-

tion. Many of the plate cultures taken at the height of the infection

gave almost pure growths of Bacillus influenzae.

The experiments with filtrates of Bacillus influenzae cultures

clearly eliminate the possibility that the results obtained in these

experiments might have been referable to some soluble toxic sub-

stance. Even admitting that a small portion of the toxin remained

behind in the filter, this must have been a very inconsiderable part

of the whole, and not enough to have materially affected the result.

There is abundant clinical and bacterial evidence that we were

dealing in these cases with genuine infections.
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The experiments with the hemolytic streptococcus are interest-

ing and corroborate the findings of llichey'-' \vlio noted a number

of cases of Streptococcus hemolyticus tonsilUtis following inocu-

lation of healthy volunteers with the washings from the noses

and throats of cases of influenza. It is probal)le that altogether

aside from the question of virulence, the results following inocula-

tion with Streptococcus hemol\'ticus depend largely on the source

of the strain. In this ])articular instance, a strain isolated from

a case of acute tonsillitis with peritonsillar abscess, excited an

attack of acute tonsillitis in one of the volunteers inoculated with

the culture.

A virulent pneumococcus Type IV, isolated from a case of influ-

enzal pneumonia, was inoculated in the nose and throat of two

volunteers and failed to excite any symptoms whatever. It should

not be inferred from these two experiments, however, that the

pneumococcus ne^'er acts as the primary infectious agent in acute

infections of the nose and throat. It is possible that pneumococcus

and certain others of the bacteria that are associated with coryzas

and sore-throats invade the tissue only after some local or general

depression in the resistance of the host. The recently published

experiments of Grant, ]\Iudd and Goldman"^ bear out this theory.

The capacity of all these bacteria to act as secondary invaders can-

not be questioned; but the experiments reported in this paper

indicate that virulent influenza bacilli possess a peculiar power of

attacking healthy mucous membrane and of exciting a respiratory

infection quite similar in its clinical manifestations to spontaneous

influenza.
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DISCUSSIOX

Dr. George Kober, of Washington, said that he thought it might be of

value to recall facts as to the epidemic constitution of the atmosphere.

This was evident in malaria and scarlet fever. In agriculture there was

a great difference in the quality and quantity of crops of vegetables and

fruits which was attributable to meteorological influence. Why should

not a similar influence have an effect on unicellular organism?

Dr. Buxtixg, Aladison, Wis., said that in 1920, during the epidemic

in jMadison, they made daily blood counts, in order to throw light on the

leukocytic findings. There was an almost immediate leukopenia and

inhibition of the marrow cells in uncomplicated cases. In the lung cases

there was an immediate leukocji^osis and that occurred before the clinician

could tell what had developed. It was coincident with the first clouding

of the lung, as observed by the x-ray, so that it seemed that there was

inhibition of the marrow, as in typhoid fever, if the leukopenia was due to

pyogenic cocci. The Pfeiffer baciHus was found to produce profound bone

marrow changes in rabbits. The evidence was rather in favor of the PfeiiTer

bacillus than a coccus, because of the bone-marrow picture.

Dr. Joseph H. Miller, Chicago, said that there was leukopenia in a

streptococcus epidemic, associated with measles, and frequently leukopenia

in a streptococcus pneumonia.

Dr. E. C. Rosexow, Rochester, Minn., said that Er. Kober's point was

interesting. Evidenth' contact played an important part in the epidemic,

but the reason was not known. There was an increase and decrease of

virulence of organisms associated with season. The type of reaction in the

animal might change completely, though the microbe was the same tlirough-

out. It might not be true that pneumonia occurred with the advent of a

secondary invader, because of the prolongation of resistance might change

the organism, so that, instead of leukopenia, a leukocj'tosis might be

produced.
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(abstract)

Henderson and his co-workers^ ^ have recently reported favorably

on the value of gradual lowering of oxygen tension of respired air by

means of a rebreathing apparatus as a test of cardiac function.

\Vhile these workers speak of the test as one of cardiac function, it

is apparent that the work of the heart alone, in the adaptation to

anoxemia, cannot be separated from that of the circulatory function

as a whole.

The response to anoxemia involves a number of body mechanisms,

the relative importance of which has not been definitely settled.

Gregg, Lutz and Schneider^ state that individuals differ in their

responses to low oxygen tension, pointing out that some compensate

largely by increased respiration, while others depend almost wholly

on increased blood-flow. Haldane, Kellas and Kennaway,^ on the

other hand, held that anoxemia cannot be compensated for by mere

increase in breathing or circulation; the advantage gained by higher

1 Henderson, Y., and Seibert, E. G.: Jour. Am. Med. Assn., 1918. Ixxi. 1.382.

Schneider, E. C: Jour. Am. Med. Assn., 1918, Ixxi, 1384. Whitney, J. L.: .Jour.

Am. Med. Assn., 1918, Ixxi, 1.389.

2 Air Service, Medical, 1919, Washinston, D. C.
3 Gregg, H. W., Lutz, B. R., Schneider, E. C: Am. Jour. Physiol.. 1919, I, 302.

* Haldane, J. S., Kellas, A. M., and Kennaway, E. L.: Jour. Physiol., 1919, liii,

181.
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saturation of the blood with oxygen in the lungs is counteracted

by the increased sweeping out of carbon dioxide resulting in shifting

of the dissociation curve for oxyhemoglobin. Owing to this, the

hemoglobin combines more readily with oxygen in the lungs but

holds on to it more tightly in the tissues, so that the supply is not

much improved, although the blood is redder.

We have attempted to determine the usefulness of the rebreathing

apparatus for clinical purposes in hospital work, especially with

respect to its value in estimating circulatory efficiency. We have

selected for presentation from our material the result of studies in

five cases of heart disease and two of pneumokoniosis. All the

cardiac cases were on the verge of decompensation, or slightly

decompensated. All had hemoglobin percentages of 75 or more

(Sahli), None showed any arrhythmia nor developed any during

the test except occasional slight sinus arrhythmia coincident with

increased breathing. The cases of pneumokoniosis were fairly well

advanced in the so-called second stage. They were studied in the

effort to learn to what extent pulmonary lesions of their type might

be expected to interfere with the aeration of the blood while breath-

ing air with lowered oxygen content.

Methods. A rebreathing apparatus was used similar to the one

described by Henderson.^ The volume of air used was an amount

on which the subject, if he were normal, might be expected to reach

the limit of this tolerance in about thirty minutes. Respiration

rate, blood-pressure and pulse readings were taken for several

minutes after the mask was adjusted, but before the actual test was

begun. Notes were made on the clinical findings at this time.

After the patient began breathing into the apparatus, blood-pressure

readings and pulse-rate observations were noted every minute;

frequent examinations of the heart were made and the general con-

dition and the color noted.

Although the observers in the Air Service- have found psycho-

logical tests of extreme importance in the study of the reactions of

aviators, the tests described by them were scarcely practicable in

individuals of the grade of intelligence found in hospital wards,

many of whom are foreigners, ^^'e were compelled to resort to

simple tests, such as affirmative or negative signs to questions. By
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this method we have a\'oided carryhig any of our subjects to com-

plete unconsciousness, but still have been able to test them close to

the limit of psychic efficiency, where it manifested itself before

physical distress.

In the, attempt to obtain sidelights on the efficiency of the subjects

studied exercise tests have been carried out usually with a Martin

type of bicycle ergometer. Cardiac cases were usually tested with

GOOD foot pounds of work in two minutes. Observations were made

with respect to any apparent distress or exhaustion, pulse reac-

tions and dyspnea. Air breathed during the exercise and the next

minute was collected in a Douglas bag and the quantity expired

measured by an experimental gas meter. When the ergometer

tests could not be carried out, observations were made on reactions

to simple exercises such as stair-climbing.

All gas analyses were made with the well-known Haldane

apparatus.

Summary of Cases

Case I.—K. W., white, male, aged forty-five years; coal miner.

Diagnosis. Osteo-arthritis of lumbar spine; second stage pneumo-

koniosis. The diagnosis of pneumokoniosis was made by x-ray. No
e^•idence of cardiovascular disease. Only sjnnptoms were those referable

to the osteo-arthritis. Good response to lowered oxygen tension (Chart I).

Case II.—T. H., white, male, aged forty-nine years; potter.

Diagnosis. Pneumokoniosis, second stage; pulmonary emphysema; gen-

eral vascular sclerosis; chronic constipation. Has been a potter for over

thirty years and has had "potter's asthma" for many j^ears. Becomes

short of breath on exertion. A'-ray showed second stage pneumokoniosis.

Exercise tolerance fair. Performed work of 6000 foot pounds easily but

with more than the usual hyperpnea. Good response to lowered oxj'gen

tension (Chart II).

Case III.—J. N. H., white, male, aged twenty-seven years; laborer.

Diagnosis. Valvular heart disease (aortic stenosis and regurgitation,

mitral regurgitation) . History of rheumatic fever and repeated attacks of

tonsillitis. Shortness of breath on climbing stairs or ladder. Palpitation,

especially at night, interfering with sleep. Examination showed slight

cyanosis of lips, ears and finger tips; verj^ large heart with transverse

measurement of 18 cm. and the signs of advanced disease of the aortic valve,

and also mitral involvement. The response to GOOO foot pounds of exercise
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in two minutes on the bic3'cle ergometer was poor. He became exhausted,

there was hyperpnea and marked pulse reaction. Fairly good response to

lowered o.xygen tension (Chart III).

Case IV.—A. 0., white, male, aged thirty-two years; blacksmith's helper.

Diagnosis. Valvular heart disease (mitral regurgitation); sliglit decom-

pensation. History of rheumatic fever twelve years ago. Shortness of

breath on exertion and palpitation; much worse recently. Cough for five

weeks. Examination showed slight cyanosis of lips, ears and finger tips,

slight edema of ankles. Transverse measurement of cardiac area 17.5 cm.

Moist rales at bases of both lungs. After ten days' rest, cyanosis, rales and
edema disappeared. The rebreathing test done at this time showed fairly

good response to lowered o.xygen tension (Chart IV)

.

Case V.—J. O. N., white, male, aged forty-nine years; motorman.

Diagnosis. Valvular heart disease (mitral stenosis) ; slight decompensa-

tion. Rheumatic fever twenty years ago. Recently, shortness of breath

and palpitation on slight exertion; cough worse at night with occasional

blood-tinged expectoration, and swelling of feet and legs if he stood much.

Examination showed slight orthopnea, transverse cardiac measurement of

16.5 cm., presystolic thrill and murmur. Lungs were somewhat emphyse-

matous, with many moist rales at both bases. The reaction to exercise

was poor. He was barely able to do 6000 foot poundsin two minutes on the

ergometer. The dyspnea was quite marked but the pulse reaction was not

excessive. The response in the rebreathing test was fairlj^ good (Chart V).

Case VI.—M. W., white, female, aged twenty-eight years; housewife.

Diagnosis. Valvular heart disease (mitral stenosis). History of attacks

of rheumatic fever, nine and seven years ago. For the past three years acute

attacks of weakness, shortness of breath and palpitation after exertion;

recently had a very severe attack that kept her in bed several days. Exami-

nation showed the heart enlarged, with a transverse measurement of 14 cm.

Presystolic thrill and murmur, accentuated pulmonic second sound. Few
moist rales at bases of both lungs. Pulse-rate unstable, usually normal in

the morning, but frequently 100 to 115 in the afternoon. Tolerance to

exercise very poor. Dyspnea and marked tachycardia, also a complaint

of palpitation on climbing a flight of stairs. The response to lowered oxygen

tension was poor (Chart VI).

Case VII.—F. M. B., white, male, aged twenty-seven years; printer.

Diagnosis. Valvular heart disease (mitral stenosis); cardiac decom-

pensation. History of scarlet fever and repeated attacks of tonsillitis.

Shortness of breath for three j^ears, but three months ago it became so

severe that he was unable to walk. Also had vertigo, palpitation and
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vertigo. Improved somewhat recently. Examination showed sHght

cyanosis of ears and finger tips. Heart enlarged; transverse measurement

16 cm. Presystolic thrill and murmur at apex. Many moist rales at the

bases of both lungs. Liver extended three finger-breadths below the costal

margin in the midclavicular line. Urine contained a cloud of albumin and

many casts-. Phthalein elimination 37 per cent, in two hours. The reaction

to lowered tension of oxygen was poor (Chart VII).

Comment. In view of the comparatively slight respiratory

increase that usually occurs in anoxemia, it was to be expected that

moderately advanced pneumokoniosis would not interfere very

materially with the ability of an individual to compensate for low

oxygen. This proved to be the case in two examples of the condition

that we tested.

Some of the results in cardiac cases were unexpected. If the

heart always played an important part in the compensation for

anoxemia, in all the cases presented we should have expected an

early breakdown in the rebreathing test. Early failure occurred in

two of the five cases—notably in the one with the most advanced

decompensation (Case VII). In these two cases, apparently,

demands were made on the circulation that could not be met. In

the other three cases, particularly in the two with clinical e^-idences

of broken compensation (Cases IV and V), the reserve power of

the heart must have been seriously limited. Consequently, the com-

paratively good runs in the rebreathing test must have been made

possible by efficient compensation of the extracardiac mechanisms.

^^^lile the rebreathing test may offer a good indication of the

general fitness of an individual, the part the circulation plays in

any case in the adaptation to anoxemia is particularly difficidt to

evaluate because there is a coordination of several mechanisms,

some of which are known, others doubtless unknown, ^^e have

been unable to discover more than a moderate demand for increased

cardiac function in cases that we have tested. Moreover we have

been unable to demonstrate appreciable enlargement of the heart,

either by observations on the position of the apex impulse, or by

percussion of the area of cardiac dulness; nor have we observed the

marked engorgement of the vessels of the neck that almost invariably

accompanies acute dilatation of the right side of the heart.
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The variations in response to the anoxemia produced by means

of the rebreathing apparatus, among cases with, at most, narrow

margins of cardiac reserve, appear to justify the conckision that the

test does not furnish a trustworthy index of circulatory function.

XoTE.—The charts mentioned above will be printed in the

American Journal cf the Medical Sciences.

DISCUSSION

Dr. McKernox said that these oxygen-want experiments had to be

studied with very great care; recently one well-known phj'^siologist died as

the result of oxj-gen want experiments.

Dr. L. G. Rowntree, of Rochester, Minn., said that in the army, aviators

were classified according to the elevation they could stand: 18, 15, or 8

thousand feet; the latter corresponded to the type Dr. Stengel showed on

his last two charts. The abilitj^ to stand anoxemia had a relation to cardiac

disease. One must consider myocardial involvement. There were a number
of normal individuals who gave various reactions and the tests should be

done with great care. They were very important from a psj^chological

point of \aew. Some of the patients presented psychological phenomena

and s^anptoms resembling an attack of petit mal, although no evidence of

circulatory collapse.

Dr. Alfred Stengel said these cases were studied from a psj'cho-

logic standpoint and some experiments were discontinued from the

ps3'chological and not the circulatory aspects. This was a valuable method

for studying anoxemia, but whether one could pick out the circulatory

reactions was doubtful. Some cases with marked myocardial lesions

responded the same way as did the controls, so that the cases could not

be diagnosed by this means. One patient showed a momentary loss of

consciousness.
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